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  Thesis	  Abstract	  
	  
Title	  
Virtual	  patient	  design	  for	  undergraduate	  medical	  student	  education.	  A	  prospective,	  
multi-­‐centre	  research	  project	  using	  qualitative	  and	  quantitative	  methods.	  
Background	  
Virtual	  patients	  (VPs)	  are	  computerised	  online	  representations	  of	  realistic	  clinical	  
cases.	  Recent	  technology	  and	  software	  advances	  position	  VPs	  as	  a	  standardised,	  
accessible,	  collaborative	  teaching	  tool.	  We	  do	  not	  know	  how	  they	  should	  be	  
designed.	  My	  research	  question	  is:	  how	  do	  different	  VP	  design	  principles	  influence	  
student	  experiences	  when	  completing	  VPs?	  The	  aim	  of	  this	  study	  is	  to	  provide	  
qualitative	  and	  quantitative	  research	  evidence	  to	  support	  VP	  design	  and	  
development.	  	  
Methods	  
This	  research	  project	  uses	  qualitative	  and	  quantitative	  methods	  to	  evaluate	  how	  VP	  
design	  influences	  medical	  student	  learning,	  based	  on	  groups	  of	  students	  from	  three	  
UK	  medical	  schools	  (Warwick,	  Birmingham,	  Keele).	  The	  initial	  qualitative	  research	  
component	  is	  a	  grounded	  theory	  (GT)	  focus	  group	  study	  evaluating	  VP	  design	  
properties.	  The	  literature	  review	  and	  qualitative	  research	  identified	  the	  two	  most	  
important	  VP	  properties	  to	  research	  were:	  (1)	  branching	  within	  the	  cases;	  and	  (2)	  
structured	  clinical	  reasoning	  instruction	  (SR)	  intended	  to	  promote	  good	  clinical	  
decision	  making	  in	  the	  VPs.	  The	  quantitative	  research	  component	  is	  a	  multi-­‐centre	  
randomised	  experimental	  2x2	  factorial	  study	  of	  undergraduate	  students	  at	  three	  UK	  
medical	  schools,	  conducted	  to	  a	  published	  protocol.	  I	  investigate	  two	  most	  
important	  independent	  VP	  design	  variables:	  (1)	  branching,	  present	  or	  absent;	  (2)	  SR,	  
present	  or	  absent.	  Outcomes	  including:	  (a)	  VP	  scores;	  (b)	  VP	  student	  evaluations;	  (c)	  
metrics	  collected	  from	  the	  VP	  environment;	  (d)	  student	  self-­‐reported	  case	  
preferences	  and	  (e)	  summative	  assessment	  results.	  The	  study	  has	  institution	  ethics	  
approval.	  
Results	  
In	  the	  qualitative	  study	  of	  six	  focus	  groups	  (n=46),	  I	  produced	  a	  model	  describing	  
how	  VP	  design	  influences	  learning.	  	  In	  the	  quantitative	  research,	  572	  students	  
completed	  1773	  VPs,	  and	  1223	  evaluations,	  with	  296	  (50.1%)	  students	  completing	  all	  
four	  VPs	  (1184).	  Key	  findings	  were:	  student	  expressed	  preferred	  SR	  when	  present	  
(70.5%	  of	  student,	  P<0.001);	  there	  were	  no	  significant	  differences	  in	  adjusted	  global	  
VP	  scores	  or	  evaluation	  scores	  (all	  p>0.3	  for	  the	  independent	  variables);	  institution	  
factors	  played	  an	  important	  role	  with	  higher	  scores	  at	  one	  centre	  (p<0.001);	  and	  
there	  were	  significant	  improvements	  in	  Bayesian	  reasoning	  with	  SR	  present	  (7%	  
improvement,	  p<0.001).	  
Discussion	  
This	  original	  research	  is	  the	  first	  GT	  study	  into	  VPs.	  The	  quantitative	  component	  is	  
the	  largest	  study	  to	  date	  in	  the	  literature	  exploring	  VP	  design	  variables.	  It	  provides	  
practical	  lessons	  for	  authors	  and	  institutions	  for	  design	  and	  delivery	  of	  VPs.	  All	  VPs	  
used	  are	  available	  as	  open	  education	  resources.	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Section	  1. Literature	  Review	  
In	  this	  section	  I	  critically	  appraise	  the	  literature	  on	  the	  development	  of	  Virtual	  
patients	  (VPs)	  in	  medical	  education	  over	  the	  past	  four	  decades.	  This	  section	  begins	  
with	  an	  introduction	  to	  the	  VP,	  associated	  software	  authoring	  platforms,	  and	  recent	  
international	  technical	  standards	  that	  potentially	  redefine	  the	  properties	  of	  a	  VP.	  I	  
then	  outline	  the	  evidence	  supporting	  their	  use	  and	  their	  role	  in	  education,	  in	  the	  
context	  of	  developments	  in	  e-­‐learning,	  web-­‐based	  learning,	  and	  open	  education	  
resources.	  	  
	  
1.1. Introduction	  to	  ‘virtual	  patients’	  
No	  single	  definition	  of	  a	  ‘virtual	  patient’	  (VP)	  is	  accepted	  in	  the	  literature,	  with	  
authors	  and	  institutions	  describing	  them	  in	  sometimes	  subtly	  different	  ways.	  I	  
present	  three	  definitions	  here.	  The	  Association	  of	  American	  Medical	  Colleges	  (2007)	  
define	  VPs	  as:	  
 
“a	  specific	  type	  of	  computer	  programme	  that	  simulates	  real-­‐life	  clinical	  
scenarios;	  learners	  emulate	  the	  roles	  of	  health	  care	  providers	  to	  obtain	  a	  
history,	  conduct	  a	  physical	  exam,	  and	  make	  diagnostic	  and	  therapeutic	  
decisions.”	  
	  
This	  definition	  has	  been	  used	  in	  two	  literature	  reviews	  on	  computerised	  cases	  and	  
virtual	  patients	  respectively	  (Cook	  et	  al.,	  2010,	  Cook	  and	  Triola,	  2009).	  	  Ellaway	  et	  al.,	  
(2008a)	  define	  them	  by	  a	  consensus	  statement	  as:	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“interactive	  computer	  simulation	  of	  clinical	  scenarios	  for	  the	  purpose	  of	  
medical	  training	  and	  assessment”	  
The	  MedBiquitous	  VP	  Standard	  (MedBiquitous	  Virtual	  Patient	  Working	  Group,	  2010)	  
defines	  a	  VP	  as:	  
“an	  interactive	  computer	  simulation	  of	  real-­‐life	  clinical	  scenarios	  for	  the	  
purpose	  of	  medical	  training,	  education,	  or	  assessment.	  Users	  may	  be	  learners,	  
teachers,	  or	  examiners.”	  
These	  definitions	  provide	  the	  scope,	  role	  and	  development	  of	  VPs,	  but	  do	  not	  
precisely	  define	  design	  principles	  or	  the	  technical	  or	  software	  specifications	  required	  
when	  authoring,	  editing	  or	  administering	  a	  VP	  case.	  All	  of	  these	  properties	  
potentially	  influence	  the	  VP	  use,	  effectiveness	  and	  potential	  for	  collaborative	  use.	  	  
1.1.1. The	  Journey	  of	  Virtual	  Patients	  to	  present	  day	  
Virtual	  patients	  have	  changed	  in	  the	  past	  decade.	  There	  has	  been	  a	  drive	  towards	  
entirely	  web	  based	  systems,	  collaborative	  licencing	  of	  intellectual	  property,	  and	  
technical	  standards	  for	  VP	  authoring	  and	  sharing.	  These	  three	  developments	  have	  
resulted	  in	  a	  paradigm	  shift,	  with	  a	  fundamental	  impact	  on	  future	  research	  strategies	  
in	  the	  VP	  field	  (Bateman	  and	  Davies,	  2011).	  	  
	  
1.1.2. Developments	  in	  authoring	  platforms	  for	  VP	  cases	  
By	  the	  middle	  of	  the	  last	  decade	  a	  diverse	  range	  of	  VP	  authoring	  software	  platforms	  
had	  appeared	  in	  the	  literature.	  This	  was	  against	  the	  backdrop	  of	  spiralling	  
development	  costs	  of	  frequently	  over	  $100	  000	  per	  VP	  (Huang	  et	  al.,	  2007)	  with	  the	  
use	  of	  bespoke	  single	  centre/	  speciality	  IT	  projects	  to	  design	  computer	  assisted	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learning	  cases	  (Friedman	  et	  al.,	  1991).	  The	  newer	  platforms	  include:	  ‘CAMPUS’,	  
developed	  by	  the	  University	  of	  Heidelberg,	  Germany	  (Ruderich	  et	  al.,	  2004);	  
‘Labyrinth’	  from	  the	  University	  of	  Edinburgh,	  UK	  (Begg,	  2010);	  ‘Web-­‐SP’	  from	  the	  
Karolinska	  Institute,	  Sweden	  (Zary	  et	  al.,	  2006);	  the	  ‘Tufts	  University’s	  VP	  Player’	  
from	  Boston,	  USA	  (Lee	  et	  al.,	  2008);	  ‘VP-­‐Sim’	  and	  ‘DecisionSim’	  from	  the	  University	  
of	  Pittsburgh,	  USA	  (McGee	  et	  al.,	  1998);	  ‘CASUS’	  from	  	  the	  University	  of	  Munich,	  
Germany	  (Fischer	  et	  al.,	  1996,	  Franke	  et	  al.,	  2002),	  the	  	  ‘New	  York	  University	  VP	  
player’,	  USA	  (Triola	  et	  al.,	  2006).	  Other	  bespoke	  VP	  systems	  exist	  that	  have	  been	  
created	  independently	  of	  MedBiquitous,	  such	  as	  Harvard	  Medical	  School	  VP	  
programme	  (Shapiro	  Institute	  for	  Education	  and	  Research	  and	  Beth	  Israel	  Deaconess	  
Medical	  Centre,	  2004).	  These	  software	  developments	  began	  to	  move	  the	  practical	  
process	  of	  VP	  authoring	  from	  information	  technology	  professionals	  to	  healthcare	  
practitioners	  and	  educators.	  	  
	  
The	  range	  of	  authoring	  options	  and	  a	  lack	  of	  standardisation	  between	  systems	  
presented	  a	  problem	  for	  VP	  research	  and	  development.	  For	  example	  some	  software	  
developed	  had	  particular	  design	  properties	  such	  as	  the	  ability	  to	  create	  branching	  
cases,	  the	  ability	  for	  users	  to	  take	  different	  pathways	  through	  a	  case	  depending	  on	  
the	  decisions	  made,	  adopted	  by	  ‘Labyrinth’,	  VP-­‐Sim,	  and	  DecisionSim	  (MedBiquitous,	  
2011).	  In	  response	  to	  this,	  in	  2005	  the	  organisation	  MedBiquitous	  began	  a	  process	  to	  
define	  a	  VP	  interoperability	  standard	  for	  web	  based	  VP	  authoring.	  MedBiquitous	  
(www.medbiq.org)	  is	  a	  not	  for	  profit	  organisation	  accredited	  by	  the	  American	  
National	  Standards	  Institute	  (ANSI),	  set	  up	  by	  leading	  American	  Medical	  Societies.	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MedBiquitous	  is	  supported	  by	  academic	  institutions	  and	  industry,	  and	  has	  a	  strong	  
partnership	  with	  the	  information	  technology	  company	  International	  Business	  
Machines	  Corporation	  (IBM).	  The	  MedBiquitous	  Working	  Party	  to	  define	  VP	  
standards	  first	  met	  in	  2005,	  initially	  including	  representatives	  from	  the	  University	  of	  
Pittsburgh,	  the	  Karolinska	  Institute,	  Tufts	  University,	  and	  New	  York	  University.	  They	  
began	  to	  develop	  a	  technical	  specification	  to	  encode	  VP	  data	  on	  the	  web	  (Triola	  et	  
al.,	  2007).	  For	  software	  to	  be	  entirely	  ‘web	  based’	  means	  that	  case	  information	  is	  
stored,	  accessed	  and	  edited	  online	  (Zary	  et	  al.,	  2006).	  The	  clear	  benefits	  of	  web	  
based	  systems	  and	  standards	  when	  developing	  VPs	  into	  a	  sharable	  collaborative	  
teaching	  resource	  has	  been	  highlighted	  (Ellaway	  and	  Masters.,	  2008b).	  The	  
consortium	  defined	  and	  standardised	  the	  way	  VP	  software	  should	  ‘save’	  VP	  
information	  written	  by	  an	  author.	  They	  used	  an	  existing	  established,	  widely	  used	  
web	  standard	  called	  XML	  (extensible	  mark-­‐up	  language),	  developed	  and	  updated	  by	  
the	  W3C	  (World	  Wide	  Web	  Consortium,	  2008).	  This	  allows	  information	  from	  a	  
document	  or	  programme	  to	  be	  categorised	  and	  stored	  in	  a	  systematic	  way.	  	  
1.1.3. The	  MedBiquitous	  Standard	  now	  defines	  VPs	  
The	  MedBiquitous	  Virtual	  Patient	  Group	  (2010)	  set	  a	  technical	  standard	  for	  cases	  
describing	  the	  core	  components	  of	  a	  VP	  (the	  MVP	  standard).	  This	  standardisation	  
allows	  sharing	  of	  cases	  between	  software	  platforms	  and	  institutions.	  There	  are	  four	  
areas	  into	  which	  information	  is	  encoded.	  The	  four	  VP	  areas	  are:	  (1)	  VP	  case	  data;	  (2)	  
rules	  on	  revealing	  data	  to	  learners;	  (3)	  media	  resources	  available;	  (4)	  the	  ways	  in	  
which	  a	  learner	  can	  interact	  with	  a	  case,	  such	  as	  question	  styles.	  Cases	  are	  designed	  
as	  collections	  of	  individual	  nodes,	  which	  can	  be	  any	  combinations	  of	  media,	  such	  as	  
	   	  J	  Bateman	   23	  	  	  	  	  
text,	  pictures,	  audio	  or	  video,	  along	  with	  tasks.	  Tasks	  may	  be	  questions,	  history	  
taking,	  or	  clinical	  decisions.	  A	  case	  with	  five	  nodes	  joined	  together	  in	  a	  linear	  fashion	  
is	  presented	  to	  the	  learner	  as	  five	  steps.	  Activities	  within	  any	  node	  may	  be	  a	  set	  
number	  of	  questioning	  styles,	  or	  a	  selection	  of	  different	  decisions.	  There	  is	  the	  
potential	  to	  link	  pathways	  in	  a	  linear	  or	  branching	  style,	  from	  simple	  to	  complex	  
designs.	  The	  MedBiquitous	  stakeholders	  and	  institutions	  developing	  software	  
platforms	  adopted	  the	  initial	  XML	  prototype.	  The	  technical	  standard	  was	  adopted	  by	  
collaborative	  research	  projects	  such	  as	  a	  European	  Union	  funded	  Collaboration	  
named	  the	  ‘the	  European	  VP	  Project’	  or	  EViP	  (Smothers	  et	  al.,	  2008).	  In	  2010	  
MedBiquitous	  published	  the	  MVP	  XML	  standard,	  already	  supported	  by	  many	  of	  the	  
web	  based	  software	  development	  tools	  (MedBiquitous	  Virtual	  Patient	  Working	  
Group,	  2010).	  	  I	  consider	  the	  use	  of	  the	  MedBiquitous	  VP	  standards	  as	  analogous	  to	  
the	  standards	  enjoyed	  by	  the	  widely	  used	  PDF	  file	  format	  (portable	  document	  
format,	  Adobe	  Systems).	  When	  accessing	  the	  content	  of	  a	  PDF,	  specific	  functionality	  
of	  the	  storage,	  retrieval,	  processing,	  formatting	  and	  user	  tools	  will	  differ	  depending	  
on	  the	  hardware	  and	  software	  used	  to	  read	  the	  email.	  Nevertheless,	  the	  core	  
content	  and	  functionality	  is	  preserved.	  A	  virtual	  patient	  XML	  file	  is	  similar.	  It	  can	  be	  
therefore	  used	  and	  played	  on	  different	  virtual	  patient	  software	  platforms,	  and	  the	  
core	  case	  content	  (text,	  media,	  branching,	  questioning)	  will	  be	  constant.	  I	  have	  
described	  the	  basic	  building	  blocks	  of	  a	  VP	  as	  nodes.	  I	  present	  a	  schematic	  of	  the	  
node	  types	  in	  Figure	  1,	  describing	  how	  nodes	  can	  be	  linked	  to	  form	  a	  VP.	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Figure	  1	  Typologies	  of	  nodes,	  based	  on	  the	  MedBiquitous	  standard	  	  
	  
1.1.4. The	  Evidence	  supporting	  the	  use	  of	  Virtual	  Patients	  
The	  use	  of	  VPs	  is	  supported	  by	  research	  evidence	  and	  educational	  theory.	  Virtual	  
patients	  are	  a	  form	  of	  web	  based	  learning.	  Web	  based	  learning	  is	  increasingly	  used	  
(Issenberg	  et	  al.,	  2005),	  and	  was	  found	  to	  be	  effective	  in	  a	  range	  of	  outcome	  
measures	  in	  a	  2008	  meta-­‐analysis	  (Cook	  et	  al.).	  This	  included	  201	  studies,	  including	  
some	  research	  using	  electronic	  teaching	  cases	  that	  fulfilled	  a	  broad	  definition	  of	  a	  
VP.	  More	  recent	  VP	  research	  has	  provided	  quantitative	  and	  qualitative	  data	  outlining	  
the	  uptake	  and	  effectiveness	  of	  VPs	  as	  a	  form	  of	  web	  based	  learning	  across	  a	  range	  
of	  outcome	  measures.	  VPs	  were	  already	  being	  used	  in	  over	  one-­‐third	  of	  US	  Medical	  
Schools	  towards	  the	  end	  of	  the	  last	  decade	  (Huang	  et	  al.,	  2007).	  A	  systematic	  
literature	  review	  of	  VPs	  (Cook	  and	  Triola,	  2009)	  cited	  evidence	  from	  a	  number	  of	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domains	  and	  health	  care	  professions	  in	  terms	  of	  knowledge,	  satisfaction	  and	  skills	  
gained.	  Cook	  and	  Triola	  proposed	  that	  VPs	  are	  ideally	  placed	  to	  teach	  clinical	  
reasoning	  skills,	  citing	  distinct	  advantages	  over	  both	  traditional	  teaching	  formats	  and	  
new	  technologies	  such	  as	  simulation.	  This	  was	  followed	  by	  a	  systematic	  review	  and	  
meta-­‐analysis	  of	  54	  studies	  investigating	  the	  effectiveness	  of	  VPs	  (Cook	  et	  al,	  2010),	  
including	  research	  published	  up	  to	  February	  2009.	  The	  research	  was	  conducted	  
across	  a	  range	  of	  undergraduate	  and	  postgraduate	  healthcare	  professions	  including	  
medicine,	  dentistry,	  nursing,	  and	  physiotherapy.	  VP	  topics	  were	  diverse	  and	  included	  
over	  30	  clinical	  subject	  areas	  from	  abdominal	  pain	  assessment,	  to	  communication	  
skills.	  This	  research	  found	  improvements	  in	  knowledge	  (11	  studies),	  skill	  acquisition	  
(8	  studies),	  and	  clinical	  reasoning	  (8	  studies).	  It	  also	  demonstrated	  positive	  student	  
satisfaction	  scores	  with	  VPs	  (8	  studies).	  It	  found	  a	  large	  effect	  size	  for	  improvements	  
in	  knowledge	  gained.	  	  Important	  qualitative	  research	  has	  subsequently	  been	  
published.	  This	  supports	  the	  positive	  student	  experience	  and	  longer-­‐term	  knowledge	  
gain	  from	  VPs	  (Botezatu	  et	  al.,	  2010a;	  Huwendiek	  et	  al.,	  2009b).	  	  Although	  
somewhat	  limited,	  there	  is	  also	  evidence	  to	  support	  the	  correlation	  of	  VP	  
performance	  with	  written	  examinations	  (Botezatu	  et	  al.,	  2010c),	  and	  support	  for	  use	  
for	  VPs	  as	  assessment	  tools	  (Round	  et	  al.,	  2009).	  More	  recent	  quantitative	  research	  
has	  focussed	  on	  knowledge	  gain	  in	  specific	  subject	  areas	  such	  as	  psychiatry	  (Lin	  et	  
al.,	  2012)	  and	  neurology	  (Johnson	  et	  al.,	  2013).	  	  
	  
Educational	  theory	  supports	  the	  role	  of	  VPs	  as	  a	  form	  of	  case	  based	  learning.	  They	  
have	  long	  been	  recognised	  as	  being	  able	  to	  facilitate	  the	  transitions	  between	  basic	  
science	  education,	  initial	  clinical	  experience	  and	  real	  clinical	  practice	  (Voelker,	  2003).	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They	  have	  a	  pedagogic	  role	  simulating	  experiential	  learning	  (Kolb,	  1984)	  and	  
facilitating	  repetitive	  deliberate	  practice	  (Ericcson,	  2004).	  Kim	  et	  al.	  (2006)	  
synthesised	  a	  series	  of	  desirable	  components	  for	  case	  based	  learning	  in	  a	  in	  a	  multi-­‐
disciplinary	  review.	  They	  describe	  a	  conceptual	  framework	  for	  case	  delivery	  which	  
include	  including	  case	  content,	  structure,	  and	  processes	  that	  are	  consistent	  with	  the	  
Medbiquitous	  (2010)	  VP	  technical	  standards	  used	  for	  case	  authoring.	  From	  a	  
pedagogic	  perspective,	  VPs	  are	  technically	  well	  placed	  to	  deliver	  the	  components	  
outlines	  by	  Kim	  and	  colleagues.	  In	  particular	  the	  need	  for	  flexibility	  in	  case	  structure	  
and	  the	  gradual	  revealing	  of	  information	  proposed	  by	  Kim	  lend	  themselves	  to	  VP	  
technologies.	  Following	  from	  the	  work	  of	  Kim	  at	  al.,	  Cool	  and	  Triola	  (2009)	  have	  
proposed	  that	  	  VPs	  have	  clear	  strengths	  over	  traditional	  learning	  technologies	  in	  
some	  areas	  such	  as	  clinical	  reasoning,	  but	  significant	  weaknesses	  in	  others	  such	  as	  
history	  taking	  and	  clinical	  examination.	  Therefore	  it	  seems	  the	  literature	  supports	  
VPs	  as	  delivering	  clinical	  reasoning	  skills	  training,	  promoting	  hypothetico-­‐deductive	  
reasoning	  skills	  (Norman,	  2005):	  this	  is	  discussed	  later	  in	  ‘1.5	  VPs	  and	  Clinical	  
Reasoning,	  p.52’.	  Unfortunately	  despite	  presenting	  evidence	  supporting	  the	  use,	  
uptake,	  role	  and	  benefit	  of	  VPs,	  none	  of	  the	  literature	  presented	  here	  allows	  us	  to	  
draw	  firm	  evidence	  based	  conclusions	  about	  how	  VPs	  should	  best	  be	  designed	  (Cook	  
et	  al.,	  2010).	  	  	  
1.1.5. Open	  Education	  Resources	  (OER)	  
The	  MedBiquitous	  standard	  has	  the	  potential	  to	  promote	  sharing	  and	  collaboration	  
between	  institutions	  (Campbell	  et	  al.,	  2009).	  The	  United	  Nations	  Educational,	  Social	  
and	  Cultural	  Organization	  (UNESCO)	  define	  Open	  educational	  resources	  (OER)	  as:	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“Open	  educational	  resources	  (OER)	  are	  materials	  used	  to	  support	  education	  
that	  may	  be	  freely	  accessed,	  reused,	  modified,	  and	  shared.”	  (UNESCO,	  2011)	  
Collaboration	  within	  institutions	  brings	  challenges	  surrounding	  intellectual	  property	  
copyright.	  Addressing	  these	  is	  vital	  for	  any	  research	  project	  intending	  to	  produce	  
open	  access	  resources	  (Mayor,	  2013).	  Several	  advances	  in	  the	  licencing	  of	  academic	  
work	  have	  addressed	  these	  challenges.	  The	  most	  widely	  used	  in	  the	  medical	  sphere	  
is	  the	  Creative	  Commons	  Project	  (US	  National	  Library	  of	  Medicine	  and	  National	  
Institute	  of	  Health,	  2012)	  originally	  devised	  by	  Lawrence	  Lessig	  of	  Stanford	  Law	  
School	  (Gould,	  2004),	  and	  available	  on	  the	  Internet	  from	  
http://creativecommons.org.	  This	  presents	  a	  legal	  framework	  for	  sharing	  intellectual	  
property	  as	  stipulated	  by	  the	  original	  author	  using	  four	  core	  provisos:	  	  attribution;	  
commercial/	  non-­‐commercial	  use;	  licence	  to	  modify	  the	  original	  work;	  and	  
stipulation	  to	  share	  original	  and	  derivative	  works	  under	  the	  licence	  specified	  by	  the	  
original	  author.	  This	  means	  authors	  of	  research	  cases	  can	  share	  intellectual	  property	  
and	  remain	  the	  recognised	  author.	  These	  standards	  have	  been	  successfully	  applied	  
to	  VPs	  (Smothers,	  2008).	  
1.1.6. Web	  Based	  Technology	  and	  Virtual	  Patients	  
Web	  based	  learning	  is	  a	  form	  of	  e-­‐learning.	  There	  are	  many	  different	  interpretations	  
of	  what	  web	  based	  learning	  is.	  	  
Perhaps	  its	  broadest	  definition	  is:	  
“the	  use	  of	  the	  Internet	  for	  education”	  (Ellaway	  and	  Masters,	  2008b)	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VP	  cases	  today	  are	  authored,	  stored,	  played	  and	  evaluated	  exclusively	  using	  the	  
web,	  which	  is	  increasingly	  available.	  This	  development	  represents	  a	  paradigm	  shift	  
from	  previous	  case	  based	  learning	  described	  in	  the	  early	  authoring	  platforms.	  
	  
Web	  based	  authoring	  means	  that	  cases	  are	  stored	  in	  an	  online	  repository.	  
Importantly	  this	  means	  authors	  and	  learners	  can	  access	  and	  play	  cases	  using	  
computers	  connected	  to	  the	  Internet	  requiring	  no	  bespoke	  downloaded	  software.	  
Cases	  can	  be	  downloaded	  in	  the	  form	  of	  a	  single	  case	  file,	  and	  distributed	  
electronically.	  The	  online	  environment	  also	  allows	  the	  real	  time	  administration	  of	  
cases.	  Inter-­‐operability	  web	  standards	  extend	  to	  cross	  platform	  computer	  operating	  
systems.	  Access	  to	  the	  web	  in	  the	  UK	  is	  close	  to	  universal.	  In	  2009	  over	  85%	  of	  
medical	  students	  had	  home	  broadband	  Internet	  access	  and	  a	  computer	  in	  the	  UK,	  
and	  all	  had	  24-­‐hour	  access	  via	  their	  studying	  institution	  (Khan	  et	  al.,	  2009).	  
1.1.7. The	  evolution	  of	  virtual	  patients:	  shifting	  real	  world	  definitions	  
The	  technology	  shifts	  and	  technical	  standards	  discussed	  above	  represent	  an	  
important	  evolution	  in	  VP	  development	  from	  three	  different	  perspectives.	  Firstly	  the	  
VP	  technical	  standard	  impacts	  on	  the	  ‘real	  world’	  definition	  of	  what	  a	  VP	  is	  (Bateman	  
and	  Davies,	  2011).	  Secondly,	  technical	  standards	  mean	  cases	  can	  be	  created	  by	  
different	  software	  packages	  in	  different	  institutions,	  however	  all	  cases	  created	  to	  the	  
standard	  are	  interoperable,	  facilitating	  sharing	  and	  collaboration.	  Finally,	  new	  
technology	  places	  the	  clinician	  as	  the	  author,	  editor,	  publisher,	  and	  sharer	  of	  the	  
case	  rather	  than	  an	  information	  technology	  professional.	  My	  schematic	  
representation	  of	  these	  three	  elements	  is	  shown	  in	  Figure	  2.	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Figure	  2	  Schematic	  representation	  of	  how	  VPs	  are	  shared	  between	  authors,	  collaborator	  and	  institutions	  	  
I	  argue	  this	  means	  that	  the	  VP	  today	  is	  fundamentally	  different	  in	  its	  origins	  from	  the	  
commonly	  cited	  early	  descriptions	  of	  the	  first	  ‘VPs’	  in	  the	  early	  late	  1960’s	  (Bitzer,	  
1966,	  cited	  by	  Cook	  et	  al.,	  2010)	  and	  1970’s	  (Harless	  et	  al.,	  1971,	  cited	  by	  Cook	  and	  
Triola,	  2009).	  Certainly	  this	  early	  computer	  assisted	  learning	  research	  represented	  
the	  leading	  edge	  of	  development	  in	  the	  field	  at	  the	  time	  of	  publication,	  and	  contains	  
valuable	  research	  information.	  However	  I	  will	  outline	  in	  the	  coming	  sections	  how	  the	  
this	  early	  research	  bears	  little	  resemblance	  to	  what	  virtual	  patients	  actually	  are	  
today,	  how	  they	  are	  used,	  authored	  or	  designed.	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1.2. Literature	  review	  
In	  this	  sub-­‐section	  I	  systematically	  and	  critically	  assess	  contemporary	  research	  
evidence	  for	  VPs.	  I	  begin	  by	  describing	  the	  landscape	  of	  the	  research,	  then	  a	  
focussed	  literature	  review	  from	  2000	  to	  the	  commencement	  of	  the	  study.	  I	  have	  
identified	  eight	  themes:	  historical	  perspectives,	  authoring,	  knowledge	  gain,	  students,	  
VP	  adoption,	  feedback	  in	  VPs,	  and	  the	  wider	  e-­‐learning	  literature.	  At	  the	  end	  of	  this	  
section	  I	  discuss	  the	  rationale	  for	  the	  review	  strategy.	  
	  
Two	  important	  literature	  reviews	  have	  coincided	  with	  the	  commencement	  of	  this	  
research.	  The	  initial	  literature	  review	  in	  2009	  (Cook	  and	  Triola)	  was	  used	  to	  support	  
the	  grant	  application	  for	  this	  research.	  The	  second,	  “Computerized	  virtual	  patients	  in	  
health	  professions	  education:	  a	  systematic	  review	  and	  meta-­‐analysis”,	  the	  largest	  
and	  most	  comprehensive	  review	  on	  computerised	  teaching	  cases	  was	  published	  by	  
Professor	  David	  Cook,	  a	  professor	  of	  medicine	  and	  medical	  education	  at	  the	  Johns	  
Hopkins	  Institute,	  at	  the	  time	  I	  began	  my	  research	  (Cook	  et.	  al.,	  2010).	  	  
	  
As	  a	  result	  of	  the	  comprehensive	  literature	  review	  published	  by	  Cook	  and	  colleagues	  
at	  the	  beginning	  of	  my	  thesis,	  a	  focussed	  review	  of	  recent	  literature	  on	  VPs	  was	  
conducted.	  The	  objective	  of	  this	  focussed	  literature	  review	  was	  to	  examine	  the	  VPs	  
design	  properties	  used	  and	  evaluated	  in	  contemporary	  VP	  research.	  I	  followed	  an	  
established	  approach	  for	  healthcare	  (Centre	  for	  Reviews	  and	  Dissemination,	  2009).	  	  
My	  search	  strategy	  was	  as	  follows.	  Three	  databases	  were	  searched:	  OVID	  Medline,	  
PubMed,	  and	  EMBASE,	  described	  in	  Figure	  3	  (p.32).	  The	  PICO	  (population,	  
intervention,	  control,	  outcome)	  approach	  was	  used	  to	  define	  the	  research	  question	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(Schardt	  et	  al.,	  2007).	  My	  population	  were	  medical	  and	  dental	  trainees	  at	  both	  
undergraduate	  and	  postgraduate	  levels.	  I	  defined	  a	  ‘contemporary	  VP’	  for	  this	  
review	  as	  a	  computerised	  learning	  experience	  described	  as	  a	  ‘virtual	  patient’.	  This	  
had	  to	  either	  (1)	  fulfil	  the	  AAMC	  definition	  (see	  Section	  1.1)	  or	  (2)	  potentially	  capable	  
of	  compatibility	  fulfilling	  the	  MedBiquitous	  Virtual	  Patient	  Working	  Group	  (2010)	  
XML	  standard.	  	  
	  
I	  excluded	  studies	  that	  evaluated	  cases	  that	  cannot	  be	  adapted	  to	  be	  conceivably	  
shared	  between	  institutions	  under	  the	  MedBiquitous	  standard.	  This	  includes	  
bespoke	  technology	  such	  as	  3-­‐dimensional	  learning	  environments,	  haptic	  simulation,	  
3D	  worlds,	  voice	  recognition,	  and	  natural	  language	  processing.	  	  I	  also	  excluded:	  
studies	  published	  before	  1st	  January	  2000,	  studies	  published	  in	  a	  language	  other	  than	  
English;	  conference	  proceedings	  without	  full	  text	  online	  abstracts;	  oral	  
presentations;	  studies	  involving	  other	  allied	  professions	  (vetinarians,	  paramedics,	  
and	  the	  like);	  and	  any	  study	  where	  the	  full	  text	  was	  not	  available	  (see	  Figure	  3).	  I	  did	  
not	  exclude	  other	  journal	  articles	  such	  as	  letters,	  commentaries,	  or	  narratives.	  The	  
summary	  of	  the	  papers	  identified	  for	  review	  is	  shown	  in	  Figure	  3.	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Figure	  3	  Search	  strategy	  for	  virtual	  patient	  literature	  
From	  the	  61	  potentially	  appropriate	  abstracts,	  with	  full	  text	  being	  available	  for	  56-­‐in	  
total	  43	  papers	  met	  the	  inclusion	  criteria.	  I	  used	  a	  nine	  point	  checklist	  for	  assisting	  
the	  critical	  appraisal	  of	  the	  papers	  (Morrison	  et	  al.,	  1999).	  I	  have	  summarised	  the	  
reviewed	  abstracts	  in	  Table	  1.	  I	  used	  a	  simple	  descriptive	  classification	  system	  to	  
classify	  them	  in	  terms	  of	  their	  primary	  focus	  into	  ten	  categories	  based	  on	  the	  feature	  
variations	  of	  VPs	  and	  research	  described	  by	  Cook	  in	  his	  first	  2009	  review.	  The	  
categories	  of	  the	  research	  papers	  I	  evaluated	  included	  VP	  design;	  VP	  feedback;	  
curricular	  integration;	  knowledge	  transfer	  and	  retention,	  assessment;	  role	  in	  
different	  specialties;	  VP	  typologies;	  historical	  perspectives;	  VP	  software	  tools;	  and	  
cost.	  For	  experimental	  studies,	  I	  have	  described	  their	  impact	  using	  an	  established	  
hierarchy	  (Kirkpatrick,	  1967).	  Kirkpatrick	  level	  1	  measures	  reaction,	  level	  2	  measures	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Not	  medical	  staff=2	  
Not	  a	  VP=3	  
General	  e-­‐learning=1	  
	  
N=43	  
Research:	  22	  
Narrative:	  21	  
KEY:	  $=wildcard	  (e.g.	  s,	  ‘s)	  	  	  	   mp.=	  multiple	  locations	  
	  
SEARCH:	  	  
1. virtual	  patient$.mp	  	  	  	  
2. virtual	  patient.mp	  
3. virtual	  patients.mp	  
4. 1	  OR	  2	  OR	  3	  
5. Limit	  4	  to	  01.01.2000-­‐01.09.2010	  
	  
PubMed:	  N=246	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learning,	  level	  3	  measures	  behaviour	  change,	  level	  4	  measures	  outcomes.	  Level	  2	  is	  
divided	  into	  2a	  (modification	  of	  attitudes	  and	  perceptions)	  and	  2b	  (modification	  of	  
knowledge	  and	  skills).	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Table	  1	  The	  61	  research	  publications	  identified,	  highlighting	  the	  18	  exclusions,	  the	  complete	  references	  are	  
shown	  in	  appendix	  2.	  
Suitable	  
Abstracts	  
[N=63]	  
Included:	  
full	  text	  
review	  
[N=43]	  
Type:	  
R=	  
Research	  
N=	  
Narrative	  	  
Summary	   Participant	  &	  
Clinical	  topic	  
notes	  	  
Primary	  area	  
Botezatu,	  2010	   Y	   R	   Experimental	  design	  randomised	  two	  group	  
comparative	  study	  exploring	  knowledge	  retention	  in	  
VPs	  	  compared	  to	  traditional	  methods	  (N=52),	  
favoured	  VP.	  Kirkpatrick	  2b	  
MS,	  
haematology,	  
cardiology)	  
Knowledge	  
retention	  
Huwendiek,	  
2010	  
Y	   R	   Descriptive	  study.	  Description	  of	  several	  evaluation	  
tools	  for	  VPs,	  open	  access	  
MS	  (general)	   Evaluation	  
Tan,	  2010	   Y	   R	   Descriptive	  case	  Study	  from	  three	  US	  schools,	  
including	  sample	  cases.	  Evaluation	  tool	  presented	  
(N=37).	  Kirkpatrick	  2a	  
MS,	  general/	  
elderly	  care	  
Evaluation,	  
feedback,	  VP	  
design	  	  
Lehman,	  2010	   Y	   R	   Non-­‐comparative,	  non-­‐randomised	  single	  group	  post	  
intervention	  study	  (N=30).	  Studied	  curricular	  
integration	  in	  a	  blended	  learning	  using	  VPs	  alongside	  
clinical	  skills,	  Kirkpatrick	  2a	  
MS,	  clinical	  
skills	  
Curricular	  
integration.	  
Tworek,	  J.,	  
2010	  
Y	   N	   Narrative	  study:	  expert	  opinion,	  observation,	  
narrative:	  cites	  evidence,	  descriptive,	  conceptual	  
MS,	  ED	   VP	  design,	  
knowledge	  
transfer,	  Feedback	  
Nimoyama,	  S.	  
2009	  
N	   	   Non-­‐medical	  staff,	  evaluated	  technicians.	   N/A	   N/A	  
Horstmann,	  
2009	  
N	   	   Descriptive	  study,	  N=70.	  Evaluates	  virtual	  hospital	  
environment	  (to	  teach	  urology).	  Post-­‐test	  student	  
satisfaction	  only	  
MS	   	  
Graham,	  	  2009	   N	   	   Not	  a	  VP	  study	   	   	  
Conradi,	  2009	   Y	   N	   Narrative	  Expert	  opinion	  and	  review.	   MS	   Assessment	  	  
Poulton,	  2009	   Y	   N	   Narrative	  expert	  opinion	  and	  review	   MS	   Use	  of	  VPs	  
Huwebdiek,	  
2009	  
Y	   R	   Focus	  group	  study	  of	  design	  principles	  for	  VPs	  
(N=27).	  Thematic	  analysis.	  Kirkpatrick	  2a	  
MS,	  paediatrics	   VP	  design,	  
feedback	  
Huwendiek,	  
2009	  
Y	   N	   Expert	  opinion	  and	  review	   N/A	   Typology	  
Gesundheit,	  
2009	  
Y	   R	   Single	  group	  experimental	  study	  evaluating	  student	  
satisfaction.	  (N=27)	  Kirkpatrick	  2a	  
MS	   Satisfaction	  
Fors,	  2009	   Y	   N	   Narrative,	  Expert	  opinion.	   MS	   Integration	  
Dewhurst,	  2009	   Y	   N	   Narrative,	  Expert	  opinion	   MS	   Integration	  
Conradi,	  2009	   N	   	   Paramedics,	  virtual	  3d	  world	   	   	  
Campbell,	  2009	   Y	   N	   Narrative,	  expert	  opinion	   N/A	   Integration	  
Ellaway,	  2009	   Y	   N	   Narrative,	  Expert	  opinion	   N/A	   Historical	  
Perspectives	  
Kim,	  2009	   N	   	   General	  e-­‐learning	  in	  Korea	   	   	  
Zary,	  2009	   Y	   N	   Descriptive	  study,	  expert	  opinion,	  cites	  evidence	   N/A	   Interoperability	  
Kononowicz,	  
2009	  
Y	   N	   Descriptive	  study,	  expert	  opinion	   N/A	   Interoperability	  
Bardella,	  2009	   Y	   N	   Narrative,	  expert	  opinion	   MS	   Assessment	  
Kenny,	  2009	   N	   	   Bespoke	  VP:	  Uses	  3D	  world	   	   	  
Berman,	  2009	   Y	   R	   Multi-­‐centre	  post	  test	  experimental	  study	  focussing	  
on	  curricular	  integration	  (N=545).	  Kirkpatrick	  2a	  
MS	   Curricular	  
Integration	  
Posel,	  2009	   Y	   N	   Expert	  opinion,	  cites	  evidence.	   N/A	   VP	  design,	  
feedback	  
Huwendiek	  
2009	  
Y	   R	   Qualitative	  research	  study,	  focus	  groups,	  thematic	  
analysis	  (N=27)	  Kirkpatrick	  2a	  
N/A	   VP	  design	  
Nirenmerh,	  S.	   N	   	   Bespoke	  VP	  (natural	  language	  processing)	   Zary,	  	   	  
Cook,	  2009	   Y	   N	   Critical	  literature	  review	  and	  proposed	  steps.	   MS/	  PS	   Literature	  review	  
Zary,	  2009	   Y	   R	   Descriptive	  single	  group	  study	  (N=99)	  evaluating	  23	  
VPs	  with	  or	  without	  feedback.	  Kirkpatrick	  2a	  
DS	   Feedback	  
McConnell,	  
2008	  
Y	   N	   Narrative	  of	  available	  VP	  design	  software	  platforms,	  
and	  historical	  research	  in	  VPs	  
MS	   Authoring	  
platforms	  
Deladisma,	  
2009	  
N	   	   3D	  virtual	  world,	  main	  focus	  is	  manikin	  for	  breast	  
examination.	  
N/A	   N/A	  
Smothers,	  2008	   Y	   N	   Descriptive	  study,	  expert	  opinion	  on	  sharing	  VP	  
cases.	  	  
	   sharing,	  
Interoperability	  
Sumner,	  2008	  
	  
N	   	   Conference	  poster,	  unavailable	   N/A	   N/A	  
Sumner,	  2008	  
	  
N	   	   Conference	  poster,	  unavailable	   N/A	   N/A	  
Critchley,	  2008	   Y	   R	   Single	  group	  post-­‐test	  study,	  Student	  satisfaction.	  
Numbers	  of	  students	  not	  listed	  by	  authors.	  
Kirkpatrick	  2a	  
MS,	  
anaesthesia	  
Satisfaction	  
Hooper,	  2008	   Y	   R	   Factorial	  study	  design	  employing	  mixed	  qualitative	  
and	  quantitative	  methods.	  N=404	  GPs	  (USA).	  Note	  
use	  of	  bespoke	  technology	  (microphone,	  GPs	  reading	  
pre-­‐scripted	  questions	  to	  computer).	  Complex	  
methodology	  (described	  as	  ‘2x2x2x2x2x2x2	  study	  
design’)	  Kirkpatrick	  2a	  
GP,	  depression	  
assessment	  
Student	  
population,	  VP	  
use	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Suitable	  
Abstracts	  
[N=63]	  
Included:	  
full	  text	  
review	  
[N=43]	  
Type:	  
R=	  
Research	  
N=	  
Narrative	  	  
Summary	   Participant	  &	  
Clinical	  topic	  
notes	  	  
Primary	  area	  
Triola,	  2007	   Y	   N	   Expert	  opinion	   N/A	   Interoperability	  
Dev,	  2007	   N	   	   Conference	  poster,	  unavailable	   N/A	   N/A	  
Vukanovic-­‐
Criley,	  2008	  
Y	   R	   2	  group	  experimental	  study,	  non-­‐randomised	  study.	  
Note:	  does	  use	  some	  bespoke	  VP	  technology	  
(speakers	  to	  work	  with	  stethoscopes).	  Favourable	  
outcomes	  for	  intervention	  (N=24)	  over	  standard	  
teaching	  (n=58).	  Kirkpatrick	  2b	  
MS,	  Cardiology	   Role,	  VP	  use	  
Courteille,	  O	   Y	   R	   Pilot	  single	  group	  study	  of	  VPs	  as	  assessment	  (OSCE)	  
tools.	  N=118	  	  
MS,	  OSCE	  
station	  
Assessment	  
Ellaway,	  2008	   Y	   N	   Expert	  opinion.	  Narrative	  on	  sharing	  VP	  cases	   MS/	  other	  	   Interoperability	  
Bittner,	  2008	   N	   	   Bespoke	  3D	  technology	  	   	   	  
Waldmann,	  
2008	  
Y	   R	   Experimental	  single	  group	  study	  describing	  
assessment	  in	  final	  year	  medical	  students	  (N=146).	  
Scoring	  refers	  to	  PhD	  thesis	  published	  in	  German.	  	  
MS,	  general	  
practice	  
Assessment	  
Orton,	  2008	   Y	   R	   Descriptive	  study	  of	  287	  student	  evaluations	  from	  16	  
institutions	  from	  the	  University	  of	  Iowa.	  The	  student	  
evaluation	  is	  not	  presented.	  Kirkpatrick	  2a	  
MS,	  
postgraduate.	  
Geriatrics	  
Student	  
satisfaction	  
Ghosh,	  2007	   N	   	   Conference	  proceedings	  not	  available	  online	   	   	  
Orr,	  2007	   N	   	   Excluded:	  Pharmacy	  students,	  N=123	   Pharmacy	  
students.	  
Student	  
satisfaction.	  
Integration.	  
Deladisma,	  
2007	  
N	   	   Bespoke	  3D	  VP	  case	   	   	  
Huang,	  2007	   Y	   R	   Descriptive	  study	  citing	  evidence	  of	  VP	  uptake	  and	  
costs	  at	  US	  institutions	  
MS	   Integration;	  cost	  
Vash,	  2007	   Y	   R	   Randomised	  (method	  unclear)	  post-­‐test	  study	  of	  
Iranian	  medical	  students	  (N=48)	  completing	  VPs.	  
Methods	  not	  validated.	  Post-­‐test	  scores	  suggest	  
benefit	  from	  VP.	  Kirkpatrick	  2b	  
MS,	  general	  
surgery	  
Skills	  training,	  
Assessment	  
Triola,	  2006.	   Y	   R	   Randomised	  Experimental	  study	  (two	  groups)	  
comparing	  VPs	  to	  live	  clinical	  actors	  in	  practicing	  
family	  medicine	  doctors	  in	  the	  US	  (N=55)	  .	  No	  
inferiority	  seen	  in	  VPs	  compared	  to	  actors.	  
Kirkpatrick	  2b	  
GPs,	  Mental	  
health	  
Student	  
satisfaction,	  VP	  
Use	  
Zary,	  2006	   Y	   R	   Descriptive	  study	  and	  pilot	  evaluation	  of	  VPs	  for	  
dental,	  medicine	  and	  pharmacy	  students	  (N=220	  
returned	  evaluations).	  Kirkpatrick	  2a	  
DS,	  MS,	  PS	   Student	  
satisfaction	  
Dickerson,	  
2006	  
N	   	   Bespoke	  technologies	  (synthesised	  speech)	   	   	  
Walsh,	  2005	   Y	   N	   Narrative	  from	  BMJ	  learning	  editor	  on	  bespoke	  e-­‐
learning	  module	  development.	  
Postgraduate	  
trainees	  
Student	  
satisfaction;	  
interoperability	  
Simo	   Y	   N	   Expert	  opinion	  describing	  an	  approach	  for	  teaching	  
cardiology	  emergencies	  
MS,	  cardiology	   VP	  design	  
Ruderich,	  2004.	   Y	   N	   Description	  of	  a	  VP	  player,	  CAMPUS	   MS	   Interoperability,	  
VP	  design	  
Marco,	  2004	   N	   	   Paper	  unavailable,	  PubMed	  abstract=36	  words.	   	   	  
Voelker,	  2003	   Y	   N	   Narrative	  drawing	  from	  VP	  use	  in	  a	  number	  of	  
institutions	  including	  Hull	  Medical	  School,	  Minnesota	  
University	  and	  international	  institutions	  
	   VP	  use.	  	  
Malamateniou,	  
2003	  
N	   	   Study	  of	  electronic	  patient	  records	   	   	  
Bearman,	  2003	   Y	   R	   Qualitative	  study,	  interviews	  (N=12).	  The	  author	  
extracted	  23	  themes	  from	  students	  who	  used	  the	  
virtual	  patients.	  	  Kirkpatrick	  2a	  
MS,	  cardiology	   VP	  use;	  skills	  
training;	  VP	  
design	  
Bearman,	  2001	   Y	   R	   Mixed	  methods	  study	  evaluating	  ‘problem	  solving’	  
and	  ‘narrative’	  VPs	  in	  one	  centre	  (N=267).	  Small	  
significant	  differences	  (0.3	  on	  5	  point	  Likert	  scale).	  
Uses	  10	  item	  simulation	  assessment	  tool.	  Focussed	  
on	  videos	  of	  cases.	  Kirkpatrick	  2a	  
MS,	  Cardiology	   VP	  Design,	  
evaluation.	  
Bearman,	  2001	   Y	   R	   Description	  of	  the	  same	  studies,	  students,	  case,	  and	  
methods	  as	  the	  other	  study	  published	  in	  2001.	  
Kirkpatrick	  2a	  
MS,	  Cardiology	   VP	  Design,	  
evaluation	  
Abbreviations	  
Y,yes;	  N,	  no;	  R,	  research;	  N,	  narrative;	  MS,	  medial	  student;	  GP,	  general	  practitioner;	  	  ED,	  emergency	  department,	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I	  have	  used	  this	  review	  to	  present	  the	  literature	  on	  eight	  contemporary	  research	  
areas:	  (1)	  evolving	  typologies;	  (2)	  VP	  design	  research;	  (3)	  VP	  feedback	  research;	  (4)	  
different	  trainee	  levels;	  (5)	  curricular	  integration	  and	  sharing;	  	  (6)	  VPs	  as	  assessment	  
tools;	  (7)	  knowledge	  retention;	  and	  (8)	  development	  costs.	  I	  conclude	  this	  subsection	  
with	  a	  discussion	  of	  research	  into	  bespoke	  computer	  cases	  that	  I	  have	  not	  included	  
in	  this	  review,	  alongside	  a	  summary	  of	  the	  evidence.	  Some	  of	  the	  papers	  form	  part	  
of	  the	  historical	  introduction	  to	  VPs	  already	  presented	  (interoperability,	  technical	  
standards,	  role).	  
1.2.1. VP	  typologies:	  evolving	  in	  the	  last	  decade	  
Dr	  Margaret	  Bearman	  is	  a	  Health	  Informatics	  trained	  Senior	  Lecturer	  from	  Monash	  
University,	  Australia	  who	  led	  early	  VP	  typology	  work.	  She	  should	  not	  be	  confused	  
with	  Dr	  Norm	  Berman,	  a	  paediatric	  cardiologist	  and	  director	  of	  InTIME	  (Institute	  of	  
Innovate	  Medical	  Technology	  from	  Dartmouth	  University,	  USA,	  see	  Section	  1.2.5,	  
p.42).	  Bearman	  et	  al.	  (2001)	  proposed	  that	  two	  different	  VP	  design	  principles	  exist:	  a	  
‘problem	  solving	  design’;	  and	  a	  ‘narrative	  design’.	  A	  ‘problem-­‐solving’	  design	  
describes	  clinical	  reasoning	  following	  an	  established	  rule	  based	  model.	  	  A	  narrative	  
design	  is	  described	  as	  a	  bespoke	  case	  where	  the	  “narrative	  has	  to	  be	  individually	  
crafted	  rather	  than	  relying	  on	  a	  template”	  (p.1004).	  Bearman’s	  research	  found	  no	  
differences	  between	  case	  designs	  using	  a	  questionnaire	  that	  had	  not	  been	  validated,	  
however	  Bearman	  does	  comment	  on	  some	  qualitative	  findings.	  
“Analysis	  of	  student	  responses	  suggested	  that	  the	  narrative	  simulation	  was	  
more	  encouraging	  of	  a	  reflective	  process	  …the	  problem-­‐solving	  simulation	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was	  perceived	  as	  providing	  benefits	  with	  respect	  to	  use	  of	  appropriate	  
language.”	  P.1008	  
	  
In	  further	  qualitative	  work	  by	  Bearman	  (2003),	  using	  a	  video	  based	  model	  of	  history	  
taking,	  the	  authors	  propose	  that	  problem	  solving	  designs	  are	  easier	  and	  less	  costly,	  
despite	  being	  associated	  with	  more	  video	  clips	  (234	  for	  problem	  solving,	  154	  for	  
narrative	  case).	  Although	  the	  descriptions	  are	  useful,	  no	  exemplar	  or	  schematic	  is	  
presented	  to	  explain	  the	  organisation	  of	  the	  questions	  and	  answers.	  
	  
The	  differences	  between	  a	  problem	  solving	  and	  narrative	  design	  of	  VPs	  (Bearman	  et	  
al.,	  2001)	  were	  proposed	  as	  being	  clearly	  delineated	  as	  late	  as	  2006	  (Zary	  et	  al.).	  It	  is	  
accepted	  in	  the	  literature	  that	  these	  are	  now	  historical,	  superseded	  by	  clear	  design	  
typologies	  described	  by	  Huwendiek	  et	  al.	  (2009a),	  see	  Figure	  4,	  Figure	  5.	  In	  other	  VP	  
research	  in	  the	  past	  14	  years	  I	  have	  found	  no	  example	  of	  VP	  research	  (PubMed	  and	  
EMBASE)	  that	  either	  (1)	  clearly	  represents	  a	  schematic	  of	  the	  design	  of	  a	  research	  
case	  or	  (2)	  allows	  the	  user	  to	  access	  the	  VP	  used.	  	  At	  times	  interpretation	  is	  difficult.	  
Bearman	  and	  colleagues	  (2001)	  describe	  the	  narrative	  case	  as	  a	  “linear	  scripted	  
storyline”,	  but	  also	  allude	  to	  different	  pathways	  through	  the	  cases:	  “There	  was	  a	  
clear	  story	  line,	  no	  matter	  which	  path	  the	  student	  took”	  (Bearman,	  2003).	  In	  this	  
research	  Bearman	  identifies	  23	  themes	  that	  describe	  how	  students	  felt	  when	  
completing	  a	  VP	  (in	  1998-­‐99).	  These	  represent	  abstract	  concepts,	  such	  as	  ‘Self-­‐
identification	  as	  a	  medical	  student’.	  No	  clear	  evidence	  supporting	  VP	  design	  
typologies	  can	  be	  taken	  from	  Bearman's	  typology	  research,	  or	  thematic	  analysis.	  
Bearman	  does	  suggest	  some	  feedback	  strategies.	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1.2.2. VP	  Design	  Research	  
The	  most	  detailed	  study	  into	  VP	  design	  in	  the	  literature	  is	  from	  Huwendiek	  et	  al.	  
(2009b),	  who	  conducted	  a	  qualitative	  experimental	  study	  to	  identify	  effective	  
features	  of	  VP	  design	  developed	  using	  the	  CAMPUS	  player	  (Ruderich	  et	  al.,	  2004).	  
They	  made	  10	  recommendations	  for	  VP	  authoring.	  Although	  many	  authors	  make	  
general	  comments	  on	  VP	  use	  and	  design	  (Tworek	  et	  al.,	  2010,	  Bearman,	  2003,	  
Voelker,	  2003)	  I	  discuss	  Huwendiek’s	  paper	  in	  detail	  to	  present	  some	  of	  the	  
challenges	  of	  researching	  design	  features.	  
	  
The	  research	  was	  conducted	  on	  27	  students	  selected	  from	  a	  cohort	  who	  had	  
completed	  cases	  with	  different	  design	  properties.	  The	  cases	  were	  presented	  in	  two	  
formats,	  ‘rich	  content’	  and	  ‘standard	  content’	  in	  two	  different	  modes	  (text	  and	  other	  
media	  in	  a	  graphical	  user	  interface,	  the	  other	  text	  only).	  The	  ten	  design	  aspects	  
suggested	  are:	  (1)	  relevance;	  (2)	  appropriate	  difficulty;	  (3)	  use	  of	  feedback;	  (4)	  
interactivity;	  (5)	  appropriate	  use	  of	  media;	  (6)	  focus	  on	  learning	  points;	  (7)	  
recapitulation	  of	  key	  learning	  points;	  (8)	  authenticity	  of	  the	  interface;	  (9)	  
authenticity	  of	  the	  case	  (10)	  questions	  and	  explanations	  to	  enhance	  clinical	  
reasoning.	  I	  would	  argue	  these	  design	  aspects	  are	  largely	  generic	  statements	  with	  
perhaps	  the	  exception	  of	  points	  seven	  and	  ten.	  The	  data	  analysis	  is	  not	  explicitly	  
stated:	  it	  appears	  to	  be	  a	  thematic	  analysis.	  The	  authors	  describe	  promoting	  clinical	  
reasoning	  instruction	  as	  helpful,	  citing	  three	  strategies:	  encouraging	  hypothesis	  
generation;	  case	  abstraction;	  identification	  of	  defining	  features	  of	  the	  case.	  The	  
authors	  do	  not	  present	  examples	  of	  how	  this	  is	  done.	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In	  common	  with	  the	  other	  research	  described,	  there	  are	  no	  VP	  cases	  nor	  case	  
schematics	  (presumed	  linear	  structure),	  media	  use	  is	  not	  presented	  (the	  number	  of	  
clinical	  images,	  radiographs,	  videos),	  question	  structure	  is	  not	  described	  (e.g.	  
multiple	  choice,	  extended	  matching),	  quantitative	  data	  on	  patterns	  of	  use	  and	  case	  
length	  is	  not	  presented,	  the	  VPs	  are	  not	  available	  to	  the	  reader.	  This	  makes	  findings	  
supporting	  feedback	  difficult	  to	  interpret.	  For	  example	  it	  is	  not	  clear	  if	  a	  student	  is	  
given	  the	  option	  to	  continue	  with	  a	  decision	  that	  is	  not	  the	  correct	  answer.	  The	  
process	  of	  selecting	  the	  number	  and	  content	  of	  the	  recommendations	  is	  not	  clear,	  
the	  authors	  selected	  ten	  practice	  points.	  Despite	  the	  inevitable	  limitations	  of	  
research	  in	  this	  emerging	  field,	  this	  study	  provided	  the	  first	  qualitative	  evidence	  to	  
help	  to	  understand	  how	  design	  principles	  influence	  the	  effectiveness	  of	  VPs.	  	  
	  
Despite	  producing	  interesting	  findings	  there	  are	  a	  number	  of	  factors	  that	  limit	  the	  
impact	  of	  this	  study,	  analogous	  to	  the	  earlier	  research	  by	  Bearman.	  	  
Comparisons	  in	  the	  work	  include:	  text	  interfaces	  with	  graphical	  user	  interfaces;	  
videos	  with	  an	  unspecified	  alternative;	  relevant	  images	  with	  no	  images.	  These	  are	  
perhaps	  an	  out-­‐dated	  approaches	  when	  adopting	  web	  based	  teaching	  practices	  
(Mayer,	  2010),	  going	  	  against	  the	  principles	  of	  best	  practice	  against	  how	  we	  should	  
best	  deploy	  media	  (Cook	  et	  al.,	  2008).	  Clarity	  is	  important	  when	  describing	  
comparisons	  with	  a	  video:-­‐	  for	  example	  it	  is	  not	  clear	  if	  the	  comparison	  is	  a	  
screenshots,	  diagram,	  or	  picture.	  Comparing	  a	  text	  interface	  with	  screen	  titles	  such	  
as	  “Diagnosis-­‐Therapy-­‐Loop-­‐1”	  represents	  unnecessary	  cognitive	  load,	  going	  against	  
the	  ‘redundancy	  principle’	  (Sweller,	  2005)	  where	  unnecessary	  information	  should	  be	  
removed.	  We	  know	  students	  appreciate	  clinical	  skills	  videos	  for	  procedures	  like	  a	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lumbar	  puncture	  (Taitz	  et	  al.,	  2006).	  The	  authors	  took	  an	  interesting	  approach	  of	  
highlighting	  abnormal	  findings	  in	  the	  presentation.	  This	  approach	  potentially	  
conflicts	  with	  clinical	  reasoning	  literature	  where	  it	  is	  important	  for	  the	  student	  to	  
evaluate	  a	  large	  numbers	  of	  pieces	  of	  information	  and	  weighing	  up	  their	  importance,	  
using	  either	  	  hypothetico-­‐deductive	  models	  (Norman,	  2005),	  and	  contemporary	  
clinical	  reasoning	  theory	  (Croskerry,	  2009b).	  This	  is	  discussed	  further	  in	  Section	  1.5.1,	  
‘Clinical	  reasoning	  and	  virtual	  patients.’.	  	  
	  
1.2.3. Feedback	  in	  VPs-­‐	  research	  
Feedback	  has	  been	  cited	  as	  the	  most	  important	  feature	  of	  medical	  simulation	  in	  a	  
Best	  Evidence	  in	  Medial	  Education	  (BEME)	  review	  by	  Issenberg	  et	  al.	  (2005),	  and	  
suggested	  to	  be	  important	  by	  Huwendiek	  et	  al.	  (2009b).	  Zary	  et	  al.	  (2009),	  has	  
researched	  feedback.	  A	  number	  of	  authors	  describe	  feedback	  as	  important,	  and	  
propose	  best	  practice	  and	  research	  areas	  (Tworek	  et	  al.,	  2010,	  Posel	  et	  al.,	  2009).	  	  
	  
Zary	  and	  colleagues	  deliberately	  studied	  feedback	  in	  VP	  cases	  in	  a	  single	  group	  
experimental	  study,	  collecting	  student	  feedback	  across	  six	  domains	  and	  a	  global	  
score	  using	  24	  VP	  cases,	  using	  the	  Web-­‐SP	  system.	  The	  authors	  provide	  convincing	  
evidence	  to	  support	  the	  use	  of	  feedback	  in	  VPs	  when	  compared	  to	  ‘no	  feedback’.	  
Again,	  sample	  cases,	  scoring	  systems,	  the	  format	  of	  the	  feedback	  (length,	  content,	  
triggering,	  immediacy)	  are	  only	  briefly	  discussed,	  and	  the	  use	  of	  feedback	  is	  already	  
well	  established,	  its	  benefits	  are	  not	  surprising.	  Posel	  et	  al.	  (2009)	  suggest	  including	  
assessment	  and	  feedback	  from	  the	  start	  of	  a	  case	  in	  a	  largely	  theoretical	  descriptive	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article	  suggesting	  tips	  for	  VP	  development.	  Bearman	  et	  al.	  (2003)	  highlight	  the	  
different	  types	  of	  feedback	  possible	  in	  a	  narrative.	  In	  a	  critical	  review	  of	  the	  VP	  
literature,	  Cook	  and	  Triola	  (2009)	  also	  propose	  that	  feedback	  is	  an	  important	  area	  
for	  future	  study,	  but	  are	  critical	  of	  the	  evidence	  base	  to	  support	  the	  use	  of	  different	  
feedback	  modalities.	  
	  
1.2.4. VPs	  use	  in	  different	  subject	  areas	  and	  stages	  of	  medical	  training	  
The	  majority	  of	  research	  in	  VPs	  has	  taken	  place	  in	  a	  number	  of	  undergraduate	  
specialties,	  however	  research	  on	  VPs	  in	  postgraduates	  also	  exists,	  and	  both	  are	  now	  
discussed.	  Descriptive	  studies	  of	  VPs	  in	  undergraduates	  describe	  their	  use	  in	  geriatric	  
education	  at	  the	  University	  of	  Iowa	  (Orton	  and	  Mulhausen,	  2008),	  and	  in	  prescribing	  
for	  pharmacy	  students	  (Orr,	  2007),	  dental	  students	  (Zary	  et	  al.,	  2006),and	  surgical	  
students	  (Vash	  et	  al.,	  2007).	  These	  studies	  focus	  on	  the	  role	  of	  novel	  new	  technology	  
over	  a	  detailed	  description	  of	  the	  design	  of	  cases.	  None	  of	  the	  research	  allowed	  the	  
reader	  to	  access	  an	  exemplar.	  VPs	  have	  been	  evaluated	  in	  some	  postgraduate	  
studies.	  A	  study	  in	  primary	  care	  physicians	  in	  the	  US	  evaluated	  VPs	  against	  simulated	  
patients	  in	  an	  apparent	  linear	  case	  design	  using	  four	  different	  cases(Triola	  et	  al.,	  
2006).	  The	  software,	  case	  structure,	  feedback	  techniques	  and	  specifics	  of	  the	  case	  
design	  are	  discussed	  only	  briefly,	  with	  outcomes	  including	  evidence	  based	  interview	  
analysis	  techniques	  along	  with	  self	  reported	  metrics.	  No	  significant	  differences	  
between	  the	  groups	  were	  found.	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1.2.5. Integration	  of	  VPs	  into	  Curricula	  
A	  leading	  research	  paper	  on	  VP	  integration	  was	  published	  on	  the	  integration	  of	  
paediatric	  teaching	  using	  VPs	  into	  six	  US	  Schools	  (Berman	  et	  al.,	  2009).	  This	  is	  the	  
only	  research	  example	  of	  integrating	  cases,	  although	  best	  practice	  is	  described	  by	  a	  
number	  of	  papers	  (Fors	  et	  al.,	  2009,	  Smothers	  et	  al.,	  2008).	  
Berman	  and	  colleagues	  evaluated	  the	  success	  of	  the	  Computer	  Assisted	  Learning	  in	  
Paediatrics	  (CLIP,	  Institute	  for	  Innovative	  Technology	  In	  Medical	  Education	  (InTIME),	  
2012).	  Berman	  el	  al.	  (2009)	  surveyed	  545	  students	  from	  six	  paediatric	  schools	  using	  a	  
tool	  they	  had	  validated	  to	  judge	  the	  success	  of	  the	  VP	  cases	  with	  the	  purposes	  of	  
identifying	  the	  best	  integration	  strategy.	  They	  concluded	  that	  the	  cases	  should	  be	  
integrated	  into	  courses	  in	  replacement	  of	  rather	  than	  in	  addition	  to	  scheduled	  
activities.	  The	  researchers	  judged	  VP	  integration	  by	  scoring	  how	  many	  of	  the	  
following	  resources	  were	  ‘eliminated’	  or	  replaced	  by	  VPs:	  Textbooks;	  Other	  
computer-­‐assisted	  instruction;	  other	  examinations;	  other	  assignments;	  didactic	  
hours.	  The	  researchers	  found	  integration	  of	  VPs	  by	  removing	  other	  resources	  
resulted	  in	  self-­‐reported	  improvement	  in	  skills	  and	  satisfaction	  with	  the	  cases.	  This	  
built	  on	  earlier	  work	  promoting	  integration	  strategies	  into	  clerkships	  in	  the	  
US(Berman	  et	  al.,	  2008).	  This	  work	  (CLIPP)	  represents	  the	  most	  successful	  integrated	  
strategy	  for	  VPs	  that	  has	  been	  published	  (Berman	  et	  al.,	  2011),	  although	  the	  success	  
of	  the	  integration	  of	  other	  open	  access	  cases	  has	  not	  been	  published	  to	  date	  
(European	  Virtual	  Patients	  Project	  Development	  Team,	  2010).	  The	  use	  of	  follow	  up	  
sessions	  to	  reinforce	  learning	  has	  also	  been	  shown	  to	  improve	  the	  student	  
satisfaction	  of	  students	  completing	  VPs	  in	  a	  Swedish	  Cohort	  (Edelbring	  et	  al.,	  2012),	  
and	  supported	  the	  role	  of	  feedback,	  but	  not	  assessment	  in	  the	  curricular	  integration.	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1.2.6. Evaluations	  and	  Assessments	  
Several	  10-­‐12	  item	  Likert	  checklists	  for	  evaluating	  attitudes	  (Kirkpatrick	  2a)	  
knowledge	  and	  skills	  (Kirkpatrick	  2b)	  exist	  (Huwendiek	  and	  de	  Leng,	  2010,	  Zary	  et	  al.,	  
2006,	  Bearman	  et	  al.,	  2001),	  none	  have	  been	  formally	  validated.	  Virtual	  patients	  
have	  been	  studied	  as	  assessment	  tools,	  although	  only	  limited	  data	  exists,	  largely	  in	  a	  
formative	  setting.	  It	  has	  been	  suggested	  that	  VPs	  can	  play	  a	  role	  in	  assessment,	  
particularly	  in	  high	  stakes	  exams	  	  (Round	  et	  al.,	  2009),	  although	  only	  pilot	  data	  exists	  
in	  the	  literature	  for	  their	  use	  in	  assessments	  such	  as	  objective	  structured	  clinical	  
examinations,	  OSCEs	  (Courteille	  et	  al.,	  2008).	  A	  study	  of	  nursing	  students	  found	  they	  
would	  be	  satisfied	  to	  have	  VPs	  as	  an	  assessment	  tool	  (Forsberg	  et	  al.,	  2010),	  a	  
finding	  echoed	  by	  medical	  students	  completing	  VPs	  (Gesundheit	  et	  al.,	  2009).	  
Validity	  evidence	  is	  limited	  to	  small	  studies.	  VPs	  have	  been	  investigated	  as	  a	  form	  of	  
assessment	  in	  haematology	  and	  cardiology,	  and	  electronic	  VPs	  compared	  to	  paper	  
based	  representations	  of	  virtual	  patients	  (Botezatu	  et	  al.,	  2010c).	  The	  researchers	  
used	  the	  VPs	  to	  assess	  students	  who	  had	  both	  been	  completing	  VPs	  during	  a	  
clerkship	  and	  those	  who	  had	  traditional	  teaching	  methods.	  The	  study	  design	  
involved	  students	  being	  randomised	  to	  learning	  by	  completing	  VPs,	  or	  traditional	  
teaching.	  All	  students	  then	  completed	  an	  examination	  using	  both	  a	  VP	  and	  a	  written	  
paper	  based	  examination	  simulating	  the	  content	  of	  a	  VP.	  The	  descriptions	  of	  the	  VP	  
do	  describe	  some	  of	  the	  scoring	  items,	  positively	  and	  negatively	  marked	  for	  items	  
such	  as	  diagnosis	  and	  management.	  The	  authors	  do	  not	  include	  the	  number	  of	  
questions,	  the	  type	  of	  questions,	  the	  length	  of	  the	  cases,	  or	  number	  of	  steps.	  The	  
cases	  were	  reported	  as	  linear	  design.	  Results	  were	  reported	  for	  end	  of	  block	  
assessments	  as	  standardised	  scores	  out	  of	  6	  for	  both	  the	  written	  paper	  and	  VP.	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There	  appear	  to	  be	  significant	  methodological	  flaws	  in	  the	  study	  design,	  with	  
students	  allocated	  to	  the	  VP	  group	  scoring	  at	  times	  three-­‐fold	  higher	  than	  those	  in	  
the	  traditional	  group	  in	  a	  written	  assessment	  (3.7/6	  vs.	  1.1/6).	  The	  authors	  found	  
that	  students	  taught	  using	  VPs	  performed	  significantly	  better	  on	  assessments	  using	  
VPs.	  The	  authors	  acknowledge	  they	  cannot	  adequately	  account	  for	  this,	  but	  do	  state	  
that	  paper	  based	  ‘virtual	  patients’	  were	  not	  positively	  received	  by	  students.	  In	  
summary,	  assessment	  using	  VPs	  remains	  a	  subject	  for	  further	  research.	  
	  
1.2.7. Knowledge	  Retention	  appears	  to	  occur	  with	  VPs	  
There	  is	  some	  work	  supporting	  longer-­‐term	  knowledge	  gain	  with	  VPs.	  Botezatu	  et	  al.	  
(2010b)	  studied	  VP	  simulation	  and	  performance	  in	  written	  and	  online	  assessments	  
to	  assess	  knowledge	  gain,	  in	  a	  small	  randomised,	  non-­‐blinded	  experimental	  study	  of	  
49	  medical	  students	  in	  Colombia	  studying	  cardiology	  and	  haematology	  using	  the	  
Web-­‐SP	  system.	  Again	  the	  study	  reporting	  is	  of	  apparently	  linear	  VP	  cases	  with	  no	  
branching	  structure.	  The	  analysis	  is	  supported	  with	  a	  sparse	  description	  of	  VPs,	  with	  
no	  description	  of	  structure,	  length,	  nodes	  or	  media	  used.	  Assessments	  of	  reasoning	  
used	  a	  complex	  but	  transparent	  scoring	  rubric	  that	  has	  not	  been	  validated.	  The	  
suggestion	  in	  the	  research	  is	  that	  students	  in	  the	  VP	  group	  have	  had	  practice	  at	  using	  
a	  complicated	  bespoke	  scoring	  system,	  acting	  as	  a	  confounder.	  Nevertheless	  the	  
study	  suggested	  significantly	  better	  scores	  in	  the	  VP	  group.	  The	  evidence	  for	  long	  
term	  knowledge	  gain	  with	  VPs	  is	  limited.	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1.2.8. Evidence	  Supporting	  Falling	  Development	  Costs	  
The	  cost	  of	  an	  educational	  resource	  (VP)	  is	  critical	  to	  its	  uptake.	  Research	  in	  2007	  in	  
the	  United	  States	  suggests	  one	  third	  of	  medical	  schools	  are	  utilising	  some	  form	  of	  a	  
VP	  case,	  however	  at	  significant	  design	  cost.	  Most	  commonly	  this	  was	  between	  $10	  
000	  -­‐	  $50	  000	  per	  VP,	  with	  a	  significant	  proportion	  costing	  in	  excess	  of	  $100	  000	  to	  
develop	  (Huang	  et	  al.,	  2007).	  The	  authors	  suggest	  prohibitive	  costs	  are	  a	  barrier	  
between	  collaboration	  and	  sharing	  between	  institutions.	  The	  cost	  implications	  for	  
the	  newer	  generation	  of	  web-­‐based	  VPs	  are	  certainly	  lower,	  when	  an	  author	  can	  
develop	  a	  case	  in	  a	  matter	  of	  hours	  using	  web	  based	  software	  (Smothers	  et	  al.,	  
2008).	  
	  
1.2.9. Exclusions:	  Bespoke	  computer	  cases	  	  
Recent	  technical	  standards	  from	  MedBiquitous	  (2010)	  give	  a	  precise	  definition	  of	  a	  
VP.	  I	  have	  used	  these	  standards	  as	  part	  of	  the	  definition.	  Any	  number	  of	  computer	  
based	  e-­‐learning	  activities	  could	  be	  considered	  to	  be	  close	  to	  learning	  from	  VP	  case.	  I	  
have	  not	  included	  in	  this	  review	  research	  into	  several	  areas	  of	  computer-­‐based	  
learning,	  and	  I	  present	  some	  areas	  excluded	  along	  with	  examples	  of	  research.	  	  I	  have	  
not	  evaluated	  research	  into:	  natural	  language	  processing,	  where	  students	  interact	  
authentically	  with	  patients	  (Hubal	  et	  al.,	  2000);	  three	  dimensional	  worlds	  where	  the	  
user	  controls	  a	  character	  in	  an	  immersive	  three	  dimensional	  environment	  (Kiss	  et	  al.,	  
2004);	  electronic	  surgical	  simulators	  (Foo	  et	  al.,	  2009);	  or	  other	  bespoke	  computer	  
simulation.	  Whilst	  each	  of	  these	  areas	  represents	  a	  potentially	  important	  research	  
field,	  I	  consider	  them	  to	  be	  outside	  the	  scope	  of	  a	  VP	  as	  defined	  by	  MedBiquitous	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(2010).	  I	  do	  not	  consider	  a	  slideshow	  accompanied	  by	  an	  audiotape	  to	  be	  a	  VP	  
(Mullaney	  et	  al.,	  1976),	  although	  this	  research	  has	  been	  included	  into	  meta-­‐analysis	  
into	  computerised	  case	  based	  learning.	  Whilst	  undoubtedly	  relevant	  at	  the	  time,	  this	  
practical	  exclusion	  is	  intended	  to	  reflect	  the	  sea	  change	  in	  VP	  development	  today.	  
	  
1.2.10. Discussion	  of	  literature	  not	  included	  in	  the	  review.	  
The	  review	  methodology	  did	  not	  encompass	  published	  PhD	  theses,	  or	  papers	  only	  
indexed	  in	  certain	  databases	  e.g.	  CINHAL,	  Scopus	  or	  PSYCHinfo.	  The	  search	  does	  not	  
include	  computerised	  e-­‐learning	  cases	  that	  have	  not	  been	  described	  as	  ‘virtual	  
patients’.	  	  
	  
There	  are	  examples	  of	  computerised	  teaching	  cases	  I	  have	  not	  included	  early	  VP	  
research,	  which	  however	  this	  was	  covered	  in	  a	  systematic	  review	  of	  the	  literature	  
(Cook	  et	  al.,	  2010).	  Cook	  does	  cite	  one	  paper	  focussing	  on	  MSK	  education	  (Wilson	  et	  
al.,	  2006),	  which	  described	  rheumatology	  teaching	  cases	  delivered	  using	  bespoke	  
web	  based	  technology,	  making	  cases	  accessible	  to	  readers.	  Wilson	  and	  colleagues	  
(2006)	  found	  the	  cases	  to	  be	  evaluated	  positively.	  This	  research	  was	  also	  funded	  by	  
Arthritis	  Research	  UK	  (formerly	  the	  Arthritis	  Research	  Campaign)	  and	  took	  place	  in	  a	  
collaborating	  centre	  for	  the	  second	  phase	  of	  this	  research	  (Birmingham).	  	  
	  
The	  semantics	  of	  defining	  or	  arguing	  precisely	  what	  makes	  a	  VP	  in	  this	  historical	  
research	  is	  replaced	  here	  by	  a	  more	  practical	  and	  pragmatic	  discussion	  on	  research	  
evidence	  supporting	  VP	  design.	  Earlier	  work	  in	  case	  based	  computer-­‐assisted	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simulation	  evaluated	  whether	  we	  should	  use	  computer-­‐assisted	  learning,	  and	  
understandably	  did	  not	  focus	  on	  design	  typologies.	  In	  one	  leading	  example,	  
Mullaney	  et	  al.	  (1976),	  reviewed	  the	  response	  to	  naturally	  typed	  text	  using	  computer	  
assisted	  technology	  in	  dental	  undergraduates	  in	  comparison	  to	  a	  slideshow	  with	  an	  
accompanying	  audio-­‐tape.	  This	  group	  found	  students	  did	  have	  preferences	  for	  
different	  instructional	  typologies,	  but	  these	  did	  not	  follow	  any	  identifiable	  pattern.	  
Work	  in	  the	  1990’s	  did	  examine	  VP	  design,	  however	  there	  were	  many	  limitations	  in	  
research	  reporting.	  I	  present	  two	  leading	  experimental	  studies	  as	  an	  example	  from	  
this	  decade.	  	  Friedman	  et	  al.	  (1991)	  undertook	  one	  of	  the	  first	  detailed	  examinations	  
of	  a	  comparison	  of	  computer	  case	  based	  instructional	  design	  variables.	  In	  a	  rigorous	  
methodological	  design	  they	  evaluated	  different	  instructional	  design	  variables	  in	  a	  
single	  computer	  case.	  Medical	  undergraduates	  (N=72)	  took	  part	  in	  a	  randomised	  
post-­‐test	  experimental	  study	  evaluating	  three	  difference	  design	  properties.	  Design	  
variables	  used	  included	  a	  concept	  of	  forced	  clinical	  reasoning	  adoption,	  via	  menu	  
driven	  case	  information	  with	  accompanying	  feedback,	  or	  by	  a	  natural	  language	  
enquiry.	  The	  student’s	  self-­‐reported	  experiences	  indicated	  they	  significantly	  
preferred	  a	  menu	  driven	  format	  with	  free	  text,	  however	  no	  other	  major	  significant	  
differences	  were	  found	  in	  a	  complex	  written	  assessment.	  No	  information	  is	  given	  on	  
the	  case	  structure	  (presumed	  linear),	  or	  the	  content	  of	  the	  menu	  items.	  It	  is	  implied	  
they	  are	  simply	  revealing	  particular	  aspects	  of	  a	  clinical	  case.	  Friedman	  does	  not	  
report	  the	  length	  of	  time	  students	  took	  to	  work	  through	  a	  case;	  the	  number	  of	  steps;	  
presentation	  format	  (text,	  images);	  the	  basis	  for	  the	  algorithms	  used	  to	  identify	  
critical	  aspects	  of	  the	  history	  (for	  example	  eliciting	  a	  history	  of	  depression).	  
Assessments	  do	  not	  seem	  to	  have	  been	  included	  in	  the	  case.	  The	  conclusion	  was	  that	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instructional	  design	  may	  influence	  learning,	  calling	  for	  further	  work.	  In	  the	  second	  
study	  variations	  in	  case	  based	  learning	  designs	  were	  evaluated	  by	  Lyon	  at	  al.	  (1991).	  
They	  described	  students	  completing	  15	  cases	  around	  a	  core	  topic,	  but	  found	  no	  
significant	  differences	  in	  post-­‐test	  studies	  between	  an	  interactive	  computer	  case,	  
and	  traditional	  methods.	  A	  major	  focus	  was	  the	  difference	  between	  ‘online’	  help	  and	  
a	  textbook.	  Friedman	  himself	  (1994)	  called	  for	  a	  shift	  towards	  the	  focus	  on	  computer	  
assisted	  learning	  design	  over	  similar	  	  comparisons	  to	  no	  intervention	  or	  alternative	  
teaching,	  echoed	  a	  decade	  later	  in	  the	  paper	  “The	  research	  we	  are	  still	  not	  doing-­‐	  an	  
agenda	  for	  the	  study	  of	  computer	  based	  learning”	  (Cook,	  2005b).	  Cook	  then	  
extended	  this	  to	  a	  meta-­‐analysis	  of	  web-­‐based	  learning	  (Cook	  et	  al.,	  2008),	  finding	  it	  
effective	  .	  Unfortunately	  the	  literature	  from	  1990-­‐2000	  addresses	  predominantly	  ‘If’,	  
but	  not	  ‘how’	  VPs	  should	  be	  designed.	  	  
1.2.11. Summary	  of	  VP	  Research	  evidence	  
In	  summary	  the	  literature	  contains	  numerous	  examples	  of	  VPs	  in	  different	  areas,	  
however	  no	  direct	  comparisons	  of	  major	  typologies	  such	  as	  branching	  and	  linear	  
case	  designs.	  No	  studies	  compare	  an	  intervention	  to	  improve	  clinical	  reasoning	  skills	  
as	  an	  independent	  variable.	  To	  quote	  Cook	  and	  Triola	  (2009):	  
	  "Potential	  variations	  in	  VP	  design	  are	  practically	  limitless,	  yet	  few	  studies	  
have	  rigorously	  explored	  design	  issues"	  (Cook	  and	  Triola,	  2009),	  p.	  303	  
	  
The	  evidence	  can	  be	  categorised	  as	  largely	  supporting	  the	  use	  of	  VPs	  to	  teach	  
undergraduate	  and	  post-­‐graduate	  students.	  Cook	  and	  Triola	  (2009)	  go	  on	  to	  state:	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“Unfortunately,	  very	  little	  research	  has	  studied	  these	  design	  permutations.	  As	  
a	  result,	  educators	  have	  received	  little	  guidance	  in	  how	  to	  develop	  effective	  
VPs”	  (Cook	  and	  Triola,	  2009),	  p.307	  	  
	  
1.3. Open	  Access	  VP	  Case	  Review:	  	  
With	  the	  evidence	  I	  have	  presented	  above	  indicating	  limited	  research	  evidence	  
supporting	  design,	  I	  appraised	  a	  number	  of	  open	  access	  VPs.	  From	  the	  literature	  
review	  I	  have	  identified	  open	  access	  cases	  from	  a	  number	  of	  sources.	  A	  number	  of	  
these	  were	  no	  longer	  available	  at	  the	  time	  of	  the	  review	  (for	  example	  Wilson	  et	  al.,	  
2006).	  I	  evaluated	  cases	  from	  Harvard	  Medical	  School	  (Shapiro	  Institute	  for	  
Education	  and	  Research	  and	  Beth	  Israel	  Deaconess	  Medical	  Centre,	  2004),	  St	  
Georges	  Medical	  School	  (St	  Georges	  Univeristy	  E-­‐learning	  Unit,	  2010),	  the	  Canadian	  
collaborative	  open	  access	  case	  project	  PINE	  (Northern	  Ontario	  School	  of	  Medicine,	  
2010),	  and	  the	  European	  Virtual	  Patients	  Project,	  or	  EViP	  (European	  Virtual	  Patients	  
Project	  Development	  Team,	  2010),	  to	  which	  I	  have	  contributed	  cases	  (Bateman	  J.	  on	  
behalf	  of	  the	  European	  Virtual	  Patients	  Project	  Team,	  2010).	  EViP	  cases	  were	  
authored	  using	  a	  number	  of	  the	  VP	  case	  development	  programmes	  including	  
DecisionSim,	  CASUS	  and	  CAMPUS	  software	  (MedBiquitous,	  2011).	  I	  have	  presented	  
the	  building	  blocks	  of	  VPs	  in	  Figure	  1,	  p.24,	  and	  the	  accepted	  typologies	  of	  VPs	  that	  
can	  be	  built	  from	  these	  blocks	  in	  Figure	  4	  (p.50),	  showing	  linear	  and	  branching	  cases)	  
and	  Figure	  5	  (p.	  51),	  showing	  the	  ‘wheel	  and	  spoke’	  arrangement.	  The	  vast	  majority	  
of	  open	  cases	  use	  linear	  navigation	  (Harvard,	  St	  Georges,	  PINE,	  all	  CAMPUS	  cases)	  
with	  branching	  only	  used	  in	  a	  limited	  number	  of	  EViP	  cases	  (they	  correspond	  to	  
Figure	  4a	  and	  Figure	  4b),	  along	  with	  the	  wheel	  and	  spoke	  design	  (see	  Figure	  5).	  The	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design	  of	  the	  cases	  otherwise	  conforms	  to	  the	  typologies	  (Huwendiek,	  2009a)	  shown	  
in	  Figure	  1.	  This	  evaluation	  is	  limited	  by	  the	  lack	  of	  a	  standardised	  VP	  evaluation	  tool.	  
a)	  
	  
b.) 
 
c.) 
 
Figure	  4	  A	  representation	  of	  examples	  of	  different	  VP	  pathways	  with	  linear	  (a)	  and	  branching	  cases	  (b,c)	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Figure	  5	  My	  representation	  of	  a	  wheel	  and	  spoke	  VP	  design,	  with	  a	  core	  of	  linear	  structure	  but	  with	  vertical	  
spokes	  travelling	  upwards	  and	  downwards	  	  
	  
1.4. VPs	  in	  the	  e-­‐learning	  and	  wider	  educational	  literature	  
Evidence	  from	  the	  e-­‐learning	  literature,	  and	  case	  based	  learning	  literature	  may	  be	  
helpful.	  	  Best-­‐practice	  evidence	  from	  e-­‐learning	  and	  instructional	  design	  (Clark	  and	  
Mayer,	  2008)	  is	  potentially	  applicable	  to	  VPs	  (Cook	  and	  Triola,	  2009).	  Consensus	  
does	  exist,	  the	  Cambridge	  handbook	  of	  Multimedia	  Learning	  (Mayer,	  2005)	  discusses	  
practical	  elements	  of	  e-­‐learning	  design,	  and	  educational	  theory.	  Some	  principles	  are	  
particularly	  relevant	  to	  VPs	  such	  as	  ‘guided	  discovery	  learning	  theory’	  where	  
students	  interrogate	  a	  VP	  depending	  on	  their	  own	  motivation	  and	  curiosity,	  selecting	  
relevant	  questions	  (de	  Jong,	  2005).	  These	  principles	  are	  helpful,	  and	  have	  yet	  to	  be	  
evidenced	  in	  VPs	  (Cook	  et	  al,	  2010).	  At	  a	  broader	  level	  still,	  these	  concepts	  can	  be	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considered	  within	  the	  established	  frameworks	  of	  adult	  learning	  theory	  in	  medical	  
education	  (Green	  and	  Ellis,	  1997),	  such	  as	  David	  Kolb’s	  model	  of	  experiential	  learning	  
(Kolb,	  1984)	  or	  the	  pattern	  of	  reflective	  practice	  described	  by	  Schön	  (1987).	  VPs	  
could	  be	  considered	  a	  form	  of	  experiential	  learning	  if	  designed	  effectively,	  allowing	  
reflecting	  in	  a	  virtual	  case	  environment	  ‘in	  action’,	  or	  subsequently	  ‘on	  action’.	  These	  
are	  potential	  research	  areas	  for	  VPs.	  	  
	  
The	  literature	  on	  case	  based	  learning,	  web	  based	  learning	  and	  VP	  integration	  is	  
potentially	  informative.	  For	  example	  a	  review	  by	  Kim	  et	  al.,	  (2006)	  suggests	  focussing	  
on	  aspects	  such	  as	  relevant	  content,	  structure,	  purpose,	  relevance,	  realism,	  
engagement,	  authentic,	  challenging,	  and	  instructional	  design.	  The	  literature	  on	  web	  
based	  learning	  and	  its	  development	  (Cook,	  2005a),	  and	  contemporary	  e-­‐learning	  
research	  (Conole	  et	  al.,	  2006).	  	  	  
1.5. VPs	  and	  Clinical	  Reasoning	  
VPs	  have	  been	  described	  as	  being	  best	  placed	  to	  teach	  clinical	  reasoning	  skills	  (Cook	  
and	  Triola,	  2009)	  as	  opposed	  to	  other	  competencies.	  Other	  researchers	  have	  
endorsed	  this	  view	  (Cook	  et	  al.,	  2010,	  Forsberg	  et	  al.,	  2010,	  Ellaway	  and	  Davies,	  
2011,	  Huwendiek	  and	  de	  Leng,	  2010).	  For	  this	  reason	  in	  this	  section	  I	  will	  review	  
clinical	  reasoning,	  along	  with	  barriers	  to	  clinical	  reasoning	  research.	  
1.5.1. Clinical	  reasoning	  and	  virtual	  patients.	  
In	  the	  literature	  there	  is	  no	  universal	  definition	  of	  clinical	  reasoning.	  Newble	  (2000)	  
described	  it	  as	  follows:	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“The	  cognitive	  process	  by	  which	  the	  information	  contained	  in	  a	  clinical	  case	  is	  
synthesized,	  integrated	  with	  the	  physician’s	  knowledge	  and	  experience,	  and	  
used	  to	  diagnose	  and	  manage	  the	  patient’s	  problem”.	  
Higgs	  and	  Jones	  (2008)	  define	  clinical	  reasoning	  as:	  
“Clinical	  reasoning	  is	  a	  context-­‐dependent	  way	  of	  thinking	  and	  decision	  
making	  in	  professional	  practice	  to	  guide	  practice	  actions.	  It	  involves	  the	  
construction	  of	  narratives	  to	  make	  sense	  of	  the	  multiple	  factors	  and	  interests	  
pertaining	  to	  the	  current	  reasoning	  task.	  It	  occurs	  within	  a	  set	  of	  problem	  
spaces	  informed	  by	  the	  practitioner’s	  unique	  frames	  of	  reference,	  workplace	  
context	  and	  practice	  models	  as	  well	  as	  by	  the	  patient	  or	  clients	  contexts….”	  
(Higgs	  and	  Jones,	  2008)	  p.4	  
	  
This	  definition	  has	  direct	  relevance	  to	  VPs,	  in	  terms	  of	  constructing	  a	  narrative	  to	  
evaluate	  different	  case	  factors.	  Kassirer	  (2010)	  stresses	  the	  importance	  of	  
probabilistic	  reasoning	  and	  continuous	  reappraisal	  of	  clinical	  information	  as	  a	  case	  
progresses,	  using	  Bayesian	  reasoning	  (Herrle	  et	  al.,	  2011).	  Bayesian	  reasoning	  in	  
medicine	  is	  defined	  by	  Gill	  et	  al.	  as	  follows:	  	  
	  
“Bayesians	  interpret	  the	  test	  result	  not	  as	  a	  categorical	  probability	  of	  a	  false	  
positive	  but	  as	  the	  degree	  to	  which	  a	  positive	  or	  negative	  result	  adjusts	  the	  
probability	  of	  a	  given	  disease.	  In	  this	  way,	  the	  test	  acts	  as	  an	  opinion	  
modifier,	  updating	  a	  prior	  probability	  of	  disease	  to	  generate	  a	  posterior	  
probability.”	  (Gill	  et	  al.,	  2005)	  p.1080.	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Outside	  of	  this	  probabilistic	  approach,	  established	  cognitive	  theories	  describing	  
clinical	  reasoning	  traditionally	  outline	  two	  different	  cognitive	  processes	  that	  overlap.	  
These	  are	  analytical	  and	  intuitive	  reasoning	  processes	  (Croskerry,	  2009a).	  Analytical	  
reasoning	  was	  initially	  described	  as	  a	  hypothetico-­‐deductive	  approach	  (Elstein	  et	  al.,	  
1978),	  later	  framed	  around	  a	  individuals	  construction	  of	  a	  framework	  for	  different	  
clinical	  problem’s	  termed	  ‘illness	  scripts’	  by	  Schmidt	  et	  al.	  (1990).	  The	  role	  of	  
intuitive	  or	  unconscious	  inductive	  reasoning	  (Barrows	  and	  Feltovich,	  1987)	  was	  built	  
on	  by	  Brooks	  et	  al.	  (1991)	  postulating	  that	  subject	  specific	  experience	  replaced	  
higher	  cognitive	  function.	  In	  a	  ‘universal	  model	  of	  diagnostic	  reasoning’	  (Croskerry,	  
2009b)	  these	  intuitive	  and	  non-­‐analytical	  process	  are	  described	  to	  run	  
simultaneously.	  These	  theories	  are	  relevant	  to	  VPs.	  Realistic	  case	  representation	  in	  
accordance	  with	  these	  theories	  should	  present	  the	  opportunity	  to	  foster,	  assess,	  and	  
practice	  clinical	  reasoning.	  This	  has	  led	  to	  evidence	  suggesting	  structured	  clinical	  
reasoning	  instruction	  can	  improve	  the	  clinical	  reasoning	  ability	  of	  undergraduate	  
students,	  such	  as	  the	  SNAPPS	  approach	  (Wolpaw	  et	  al.,	  2009),	  and	  structured	  
approaches	  to	  Bayesian	  reasoning	  problems	  (Sedlmeier	  and	  Gigerenzer.	  2001).	  The	  
SNAPPS	  approach	  is	  as	  follows:	  Summarise	  briefly	  the	  history	  and	  findings;	  Narrow	  
the	  differential	  to	  two	  or	  three	  possibilities,	  Analyse	  the	  differential	  by	  comparing	  
and	  contrasting,	  Probe	  by	  asking	  questions	  about	  uncertainties,	  Plan	  management	  
for	  the	  patient,	  Select	  a	  case-­‐related	  issue	  for	  self	  study.	  	  Other	  notable	  research	  has	  
shown	  that	  Bayesian	  reasoning	  instruction	  is	  poorly	  performed	  by	  practicing	  
physicians,	  but	  can	  be	  taught	  using	  simple	  approaches	  (Sedlmeier	  and	  Gigerenzer,	  
2001).	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These	  theories	  may	  also	  help	  us	  to	  understand	  barriers	  to	  good	  clinical	  reasoning,	  
such	  as	  mind	  wandering.	  	  
1.5.2. Barriers	  to	  clinical	  reasoning:	  mind	  wandering	  
Clinical	  reasoning	  is	  prone	  to	  error,	  and	  is	  therefore	  the	  subject	  of	  research	  into	  
strategies	  to	  mitigate	  poor	  clinical	  reasoning	  performance,	  of	  which	  VPs	  may	  present	  
one	  modality.	  Mind	  wandering	  defined	  as	  ‘task	  unrelated	  thoughts’	  is	  thought	  to	  be	  
an	  important	  modifiable	  phenomenon	  in	  medical	  practice	  (Smallwood	  et	  al.,	  2011)	  
that	  causes	  poor	  clinical	  reasoning.	  Smallwood	  and	  colleagues	  cite	  it	  as	  a	  potential	  
area	  for	  intervention	  in	  medical	  research.	  Mind	  wandering	  has	  been	  estimated	  to	  
occupying	  half	  our	  waking	  consciousness	  (Killingsworth	  and	  Gilbert,	  2010).	  Mind	  
wandering	  is	  commoner	  in	  individuals	  who	  suffer	  from	  burnout,	  fatigue	  and	  
depression	  (Smallwood	  et	  al.,	  2011),	  features	  commonly	  found	  in	  medical	  trainees	  
and	  professionals	  (Dyrbye	  et	  al.,	  2010,	  Bateman	  et	  al.,	  2011).	  	  Mind	  wandering	  is	  
likely	  to	  be	  important	  in	  the	  clinical	  reasoning	  process	  itself	  (Smallwood	  et	  al.,	  
20011)	  a	  process	  known	  to	  be	  prone	  to	  error	  (Elstein,	  2009).	  Mind	  wandering	  can	  be	  
measured	  (Dixon	  and	  Bortolussi,	  2013),	  and	  also	  appears	  to	  influence	  simulated	  
practical	  skills	  (Yanko	  and	  Spalek,	  2012).	  We	  know	  attention	  and	  participation	  in	  e-­‐
learning	  tasks	  using	  VPs	  is	  sometimes	  suboptimal	  (Edelbring	  et	  al.,	  2012).	  Strategies	  
do	  exist	  to	  mitigate	  the	  impact	  of	  mind	  wandering	  such	  as	  ‘mindfulness’	  (Ludwig	  and	  
Kabat-­‐Zinn,	  2008).	  The	  seven	  properties	  described	  for	  mindfulness:	  patience,	  
openness,	  trust,	  non-­‐judging,	  non-­‐striving,	  acceptance,	  and	  letting-­‐go.	  Their	  use	  in	  
clinical	  practice	  for	  physicians	  and	  patients	  is	  becoming	  increasingly	  topical	  (Sanyer	  
and	  Fortenberry,	  2013).	  Research	  in	  VPs	  with	  an	  awareness	  of	  mind	  wandering	  may	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identify	  new	  strategies	  for	  its	  measurement,	  frequency,	  predictive	  value	  for	  decision	  
making,	  and	  mitigation	  of	  its	  effects.	  
	  
Cook	  and	  Triola’s	  (2009)	  description	  of	  a	  continuum	  of	  competencies	  for	  medical	  
undergraduates	  is	  one	  description	  of	  the	  role	  of	  VPs.	  Logically	  VP	  design	  should	  also	  
be	  informed	  by	  other	  educational	  theory.	  Other	  more	  contemporary	  theories	  are	  
relevant	  to	  authoring,	  such	  as	  Mayer’s	  theory	  of	  multimedia	  learning	  (Mayer,	  2010)	  
and	  have	  implications	  for	  VP	  design	  relating	  to	  processing	  of	  different	  media	  types.	  
These	  are	  not	  discussed	  in	  detail	  in	  this	  document.	  	  
1.6. The	  Unanswered	  Questions	  of	  VP	  research.	  
These	  research	  efforts	  change	  the	  fundamental	  questions	  of	  VP	  research	  from	  if,	  to	  
how	  contemporary	  VPs	  should	  be	  designed,	  used,	  delivered	  and	  implemented.	  The	  
single	  published	  systematic	  literature	  review	  on	  computerised	  learning	  with	  VPs	  
(Cook	  et	  al.,	  2010)	  did	  attempt	  a	  meta-­‐analysis	  with	  the	  primary	  goal	  of	  measuring	  
the	  benefit	  of	  a	  ‘VP’	  intervention	  in	  terms	  of	  no	  intervention,	  and	  then	  via	  
alternative	  computer	  assisted	  instructional	  techniques.	  The	  authors	  conclude:	  
	  
“We	  believe	  that	  theory-­‐based	  comparisons	  between	  different	  virtual	  patient	  
designs,	  and	  rigorous	  qualitative	  studies,	  will	  clarify	  how	  to	  effectively	  use	  VPs	  
for	  training	  health	  professionals.”	  
	  
I	  have	  highlighted	  problems	  in	  research	  description,	  methods,	  reporting,	  and	  
transparency,	  alongside	  important	  research	  in	  an	  ever-­‐changing	  field.	  Finally,	  we	  do	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not	  know	  how	  the	  inclusion	  of	  validated	  measurements	  of	  clinical	  reasoning	  should	  
best	  be	  integrated	  into	  VP	  design,	  or	  how	  other	  questioning	  metrics	  such	  the	  
number	  of	  choices	  to	  branch	  to.	  VPs	  today	  are	  a	  widely	  used	  educational	  resource.	  
Hardware	  and	  software	  advances	  and	  uptake	  have	  resulted	  in	  a	  paradigm	  shift	  in	  
what	  constitutes	  a	  VP.	  Although	  extensive	  work	  supports	  VP	  use,	  the	  individual	  
design	  is	  under-­‐researched,	  and	  this	  study	  intends	  to	  address	  calls	  in	  the	  literature	  
for	  further	  VP	  research.	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Section	  2. Research:	  Planning,	  paradigms,	  practical	  choices	  	  
	  
In	  the	  preceding	  section	  I	  have	  presented	  research	  evidence	  into	  the	  design,	  delivery	  
and	  adoption	  of	  VPs.	  	  This	  section	  presents	  the	  original	  planning	  of	  this	  research	  
within	  the	  context	  of	  a	  2009	  application	  to	  Arthritis	  Research	  UK	  for	  funding	  of	  this	  
research	  project.	  I	  present	  the	  methodological	  frameworks	  used	  for	  this	  research,	  
and	  introduce	  the	  qualitative	  and	  quantitative	  research	  methods	  used	  in	  this	  thesis.	  	  
	  
2.1. Planning	  
The	  research	  was	  initially	  planned	  in	  2009	  with	  my	  project	  application	  to	  an	  
education	  research	  funder,	  Arthritis	  Research	  UK.	  I	  was	  the	  principle	  investigator	  in	  
the	  research	  grant	  application,	  supported	  by	  my	  PhD	  thesis	  supervisors	  based	  at	  the	  
University	  of	  Warwick	  and	  University	  Hospitals	  Coventry	  and	  Warwickshire	  NHS	  
trust.	  Funding	  was	  awarded	  in	  July	  2010,	  grant	  number	  19330	  (Arthritis	  Research	  UK,	  
2010),	  with	  the	  project	  beginning	  August	  2010.	  The	  original	  ten-­‐stage	  research	  plan	  
submitted	  to	  the	  research	  funder	  is	  shown	  below	  (Figure	  6).	  The	  original	  timeline	  of	  
the	  research	  plan	  from	  the	  funding	  proposal	  can	  be	  seen	  in	  Figure	  7.	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Figure	  6	  The	  original	  10-­‐stage	  research	  plan	  for	  the	  three	  year	  study	  component	  protocol.	  
	  
	  
Stage 2. Collaboration with other undergraduate institutions  
Stage 1. Literature Review 
Stage 4. Qualitative component: Focus Group Research (N=6) 
Stage 6. Deciding on designs for each independent variable. 
Author and pilot four clinical cases, each with four possible designs (A, B, 
C, D 2x2 factorial study design) 
 Stage 7. Factorial Randomised Trial in 
Rheumatology Undergraduates at WMS 
(N=165),  
Randomised into four groups (below)* 
Outcomes: In case performance (KFP, 
MCQ, Bayes, Decision Analysis, Self 
reported evaluation EViP, performance 
metrics), +/- DTI. Collect examination 
performance. 
Collaboration: 
Randomised trial. 
Potential collaborators 
include: 
UBMS: n~350 
Keele: n~150 
St Georges University 
London  
 
 
Stage 9.  Data Analysis.  
Stage 10. Project write up 
Stage 5. Define Virtual Patient designs and outcome measures 
Stage 8. Study VPs in other 
undergraduate centres and 
at other training grades: 
Same basic study design as 
stage 7. 
Group 1: 
Case 1 A 
Case 2 B 
Case 3 C 
Case 4 D 
Group 2: 
Case 1 B 
Case 2 C 
Case 3 D 
Case 4 A 
Group 3: 
Case 1 C 
Case 2 D 
Case 3 A 
Case 4 B 
Group 4: 
Case 1 D 
Case 2 A 
Case 3 B 
Case 4 C 
Stage 3. Review published VPs in public domain, statistical input begins 
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Figure	  7	  A	  reproduction	  of	  the	  original	  timeline	  for	  the	  research,	  submitted	  prior	  to	  the	  research	  being	  funded,	  
produced	  in	  June	  2010.	  
	  
2.2. Paradigms:	  Ontological	  and	  Epistemological	  perspectives	  	  
This	  research	  planning	  of	  qualitative	  and	  quantitative	  components	  draws	  from	  
philosophical	  frameworks	  that	  reflect	  my	  own	  undergraduate	  and	  postgraduate	  
training,	  relying	  predominantly	  on	  post-­‐positivist	  and	  constructivist	  paradigms.	  In	  
this	  section	  I	  will	  discuss	  the	  meaning	  and	  definitions	  of	  these	  concepts.	  	  
	  	  
The	  qualitative	  and	  quantitative	  components	  have	  two	  different	  research	  paradigms,	  
or	  philosophical	  perspectives.	  A	  research	  paradigm	  can	  be	  defined	  as	  follows	  and	  the	  
term	  is	  analogous	  to	  epistemological	  stance	  (Bergman	  et	  al.,	  2012):	  	  
Pre 
commencement of 
Study 0- 2  3-4  5-6  7-8  9-10  11-12  13-14  15-16  17-18  19-20  21-22  23-24  25-26  27-28  29-30  31-32  33-34  35-36
Ethical Approval: Written approval from 
the NHS LREC as 'educational research' 
outside remit of NHS obtained August 2009
Stage 1: Literature review
Stage 2. Collaboration with local 
universities
Stage 3. Review published virtual patients, 
statistical consultation
Stage 4. Qualitative study of students 
attitudes to VP structure and feedback
Stage 5. Define Virtual Patient Designs, 
and outcome measures
Stagd 6. Create and Pilot VP Cases
Stage 7. Prospective randomised trial of 
undergraduate medical students at 
Warwick Medical School 
Stage 8. Collaboration with other centres, 
and foundation year doctors
Stage 9. Data analysis 
Stage 10. Finalising Project Write up
Projects that continue throughout study 
include liaison between departments and 
local universities, with IT services, 
statistical input, ongoing literature review, 
professional development
	   	  J	  Bateman	   61	  	  	  	  	  
“A	  philosophical	  framework	  that	  underlies	  and	  affects	  research	  activities.	  
What	  are	  the	  assumptions	  underlying	  one’s	  views	  on	  reality	  and	  knowledge?	  
Synonyms:	  theoretical	  or	  epistemological	  stance,	  world	  view”	  (Bergman	  et	  al.,	  
2012),	  p.	  591	  
	  
My	  medical	  training	  follows	  a	  traditionally	  positivist	  and	  post-­‐positivist	  viewpoint	  
(Goldenberg,	  2006).	  My	  postgraduate	  training	  in	  medical	  education	  introduced	  the	  
importance	  of	  different	  research	  paradigms.	  Many	  research	  frameworks	  have	  been	  
applied	  to	  medical	  education	  research:	  positivism,	  post-­‐positivism,	  critical	  theory,	  
interpretivism	  and	  constructivism	  (Bunnis	  and	  Kelly,	  2010).	  Each	  paradigm	  has	  its	  
own	  ontology	  (view	  of	  reality),	  epistemology	  (origins	  and	  character	  of	  knowledge	  
about	  the	  reality)	  and	  methodology	  (dictated	  and	  planned	  in	  deliberately	  to	  address	  
the	  research	  question).	  The	  two	  main	  research	  paradigms,	  used	  for	  this	  work	  are	  
post-­‐positivism	  and	  constructivism,	  and	  in	  this	  section	  I	  justify	  adopting	  conflicting	  ,	  
but	  in	  my	  view	  potentially	  complementary	  perspectives.	  O’Brien	  (1993)	  described	  
these	  theoretical	  perspectives	  as	  akin	  to	  a	  kaleidoscope,	  with	  the	  different	  lenses	  
representing	  different	  perspectives	  that	  may	  influence	  the	  methodology:	  for	  
example	  study	  design	  and	  sampling.	  	  
2.2.1. Use	  of	  quantitative	  and	  qualitative	  research	  design	  
I	  have	  designed	  research	  with	  qualitative	  and	  quantitative	  components	  broadly	  from	  
a	  post-­‐positivist	  and	  constructivist	  viewpoint.	  Positivism	  is	  attributed	  to	  its	  founder	  
Auguste	  Comte	  (1798-­‐1857)	  and	  the	  works	  of	  Francis	  Bacon.	  A	  positivist	  view	  would	  
suggest	  scientific	  method,	  and	  rigour	  can	  be	  used	  to	  explain	  why	  a	  particular	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educational	  intervention,	  such	  as	  a	  VP	  design,	  would	  be	  more	  effective.	  From	  an	  
ontological	  perspective,	  positivism	  is	  realism.	  A	  ‘reality’	  exists,	  i.e.	  there	  is	  an	  optimal	  
effective	  VP	  design	  for	  a	  particular	  circumstance.	  It	  is	  not	  the	  individual	  who	  creates	  
that	  reality.	  Experimental	  design	  would	  rely	  on	  hypothesis	  generation,	  testing,	  with	  a	  
goal	  of	  predicting	  how	  VPs	  should	  be	  used	  and	  designed	  in	  education.	  This	  is	  an	  
objectivist	  epistemology,	  with	  a	  single	  reality,	  contrasting	  to	  other	  theoretical	  
perspectives	  such	  as	  constructivism.	  Epistomology	  has	  been	  defined	  as:	  
“Theory	  of	  knowledge.	  What	  are	  the	  origin,	  nature,	  and	  limits	  of	  knowledge	  
about	  reality?”	  (Bergman	  et	  al.,	  2012)	  
Positivism	  places	  less	  value	  on	  opinion,	  emotions,	  beliefs	  or	  impressions,	  and	  is	  more	  
interested	  in	  scientific	  cause	  and	  effect.	  Clearly,	  particularly	  in	  education	  research,	  
this	  potentially	  idealistic	  view	  of	  the	  world	  has	  evolved	  to	  be	  replaced	  by	  post-­‐
positivism,	  proposed	  by	  Kuhn	  (1922-­‐1996).	  	  
	  
Ontology	  is	  defined	  as	  “the	  nature	  of	  reality”	  (Bunnis	  and	  Kelly,	  2009).	  This	  is	  my	  
own	  perspective	  for	  the	  quantitative	  component	  of	  this	  work,	  where	  the	  ontology	  is	  
described	  as	  ‘critical	  realism’	  (Illing,	  2010),	  or	  objectivism	  (Bergman	  et	  al.	  2012)	  
where	  “reality	  is	  static	  or	  fixed”	  (Bunnis	  and	  Kelly,	  2009)	  and	  is	  observable.	  Post	  
positivism’s	  ontology	  of	  critical	  realism/	  critical	  objectivism	  describes	  the	  limitations	  
from	  research	  methods	  to	  evidence	  a	  reality,	  due	  to	  the	  complexities	  of	  the	  subject	  
of	  enquiry.	  Post-­‐positivism	  suggests	  that	  because	  of	  these	  complexities,	  reality	  is	  not	  
objectively	  identifiable.	  	  Like	  positivism,	  the	  epistemology	  is	  objectivism,	  and	  a	  focus	  
on	  the	  scientific	  method.	  Here	  it	  is	  the	  validity,	  reliability,	  research	  method	  and	  the	  
reproducibility	  of	  findings	  that	  moves	  the	  emphasis	  from	  proof	  to	  probability,	  and	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hypothesis	  testing	  and	  deduction.	  An	  example	  of	  this	  would	  be	  recurrent	  
experiments	  in	  different	  areas	  that	  fail	  to	  disprove	  a	  hypothesis	  as	  being	  evidence	  
that	  the	  hypothesis	  is	  true.	  One	  example	  of	  how	  this	  post	  positivist	  viewpoint	  has	  
shaped	  this	  research	  is	  the	  importance	  I	  have	  placed	  on	  data	  triangulation	  in	  my	  
research	  findings.	  This	  is	  of	  practical	  importance,	  because	  not	  all	  schools	  of	  GT	  would	  
use	  triangulation	  based	  on	  different	  research	  paradigms.	  	  
2.2.2. Grounded	  theory:	  schools,	  paradigms,	  and	  a	  personal	  stance	  
Grounded	  theory	  (GT)	  has	  its	  origins	  in	  positivism.	  In	  fact,	  the	  original	  text	  title	  
reflects	  the	  positivist	  grounding:	  a	  ‘discovery	  of	  Grounded	  Theory’	  (Glaser	  and	  
Strauss,	  1967).	  GT	  has	  evolved	  to	  have	  different	  schools	  of	  GT,	  each	  with	  their	  own	  
ontological	  and	  epistemological	  perspectives.	  It	  is	  logical	  to	  present	  GT	  to	  the	  wider	  
educational	  research	  audience	  as	  fitting	  into	  one	  of	  these	  paradigms,	  for	  example	  as	  
an	  ‘interpretivist’	  (Bunnis	  and	  Kelly,	  2010).	  In	  fact	  there	  are	  three	  main	  iterations,	  or	  
schools	  of	  GT:	  Corbin’s	  School	  (Corbin	  and	  Strauss,	  2008);	  Constructivist	  GT	  
supported	  by	  Kathy	  Charmaz	  (2006);	  and	  “Glaserian”	  GT	  (Stern,	  1995,	  Glaser,	  1978).	  
I	  have	  used	  a	  school	  of	  GT	  described	  by	  Juliet	  Corbin,	  and	  adopt	  a	  similar	  
epistemological	  stance.	  I	  describe	  GT	  in	  more	  detail	  in	  Section	  3,	  p.67,	  however,	  I	  
present	  a	  description	  of	  GT	  here	  to	  help	  explain	  my	  research	  stance.	  	  
	  
Corbin	  herself	  does	  not	  feel	  that	  her	  school	  of	  GT	  fits	  within	  any	  single	  research	  
paradigm,	  but	  acknowledges	  the	  post-­‐positivist	  origins	  and	  constructivist	  elements	  
to	  the	  methods	  she	  describes.	  In	  planning	  this	  research	  I	  have	  embraced	  this	  
perspective,	  using	  both	  constructivist	  and	  post-­‐positivist	  views.	  My	  post-­‐positivist	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stance	  embraces	  use	  of	  quantitative	  data	  to	  support	  findings	  (triangulation).	  From	  a	  
constructionist	  perspective,	  GT	  can	  provide	  analysis	  of	  case	  design	  that	  is	  lacking	  
from	  a	  controlled	  experiment.	  A	  constructivist	  view	  suggests	  no	  single	  reality	  exists,	  
and	  the	  ontology	  is	  relativism.	  Relativism	  is	  defined	  as	  “reality	  is	  socially	  and	  
experientially	  based;	  multiple	  realities	  exist,	  change,	  conflict	  and/or	  become	  more	  
crystallised”	  (p.545,	  Bergman	  et	  al.,	  2012).	  By	  embracing	  these	  elements	  I	  can	  
explore	  reality	  depending	  on	  social	  interactions	  and	  experiences	  that	  may	  conflict,	  
compete	  and	  evolve.	  	  Constructivism	  allows	  me	  to	  view	  VPs	  as	  dependent	  on	  the	  
context	  and	  social	  circumstances	  they	  are	  used	  in.	  I	  believe	  it	  is	  likely	  that	  no	  single	  
ideal	  VP	  design	  blueprint	  exists;	  the	  ‘perfect’	  approach	  does	  not	  exist	  and	  cannot	  be	  
discovered.	  Instead	  how	  different	  designs	  impact	  learners	  will	  be	  different	  for	  
different	  individuals	  in	  different	  social	  and	  cultural	  circumstances.	  Embracing	  
constructivist	  elements	  of	  GT	  allows	  the	  open	  understanding	  of	  how	  an	  individual	  
constructs	  meaning	  from	  a	  VP.	  This	  may	  range	  from	  the	  contents	  of	  an	  e-­‐learning	  
package,	  to	  the	  context	  in	  which	  they	  sit	  the	  VP.	  The	  research	  challenge	  is	  to	  
understand	  how	  these	  elements	  influence	  meaning,	  authenticity	  and	  experience.	  
Despite	  this	  from	  a	  post	  positivist	  perspective	  as	  an	  author	  of	  VPs,	  I	  believe	  in	  the	  
potential	  for	  evidence	  based	  experimental	  evidence	  to	  support	  suggestions	  rules	  and	  
structures	  for	  VP	  design.	  The	  main	  quantitative	  component	  reflects	  the	  positivist	  
perspectives.	  In	  an	  experimental	  controlled	  study	  I	  test	  the	  hypothesis	  that	  VP	  
design	  will	  influence	  learning	  and	  user	  experience	  when	  using	  a	  VP.	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2.2.3. Reconciling	  the	  use	  of	  different	  research	  paradigms	  
The	  research	  paradigm	  has	  dictated	  my	  choice	  of	  qualitative	  and	  quantitative	  
methodologies	  for	  this	  research.	  I	  approached	  the	  project	  on	  the	  premise	  that	  by	  
restricting	  my	  research	  methods	  to	  the	  use	  of	  one	  paradigm,	  or	  method	  would	  be	  a	  
mistake,	  as	  it	  could	  discount	  either	  quantitative	  methods,	  or	  some	  qualitative	  
approaches.	  The	  dogma	  surrounding	  the	  philosophical	  standpoints	  in	  for	  different	  
qualitative	  research	  methods	  is	  now	  perhaps	  remitting,	  as	  described	  by	  Patton	  
(2002),	  quoted	  by	  (Illing,	  2010):	  
“Signs	  of	  détente	  and	  pragmatism	  now	  abound.	  Methodological	  tolerance,	  
flexibility,	  eclecticism	  and	  concern	  for	  appropriateness	  rather	  than	  orthodoxy	  
now	  characterise	  the	  practice	  literature	  and	  discussions	  of	  evaluation.	  Several	  
developments	  seem	  to	  me	  to	  explain	  the	  withering	  of	  the	  methodological	  
paradigms	  debate.”	  (Patton,	  2002)	  
	  
Patton’s	  views	  are	  shared	  by	  Janice	  Morse	  who	  describes	  the	  easing	  of	  the	  
disagreements	  between	  different	  schools	  of	  GT,	  a	  qualitative	  research	  method	  in	  
“Tussles,	  Tensions	  and	  Resolutions”	  (Morse,	  2009).	  	  
	  
In	  summary	  my	  stance	  is	  analogous	  to	  the	  stance	  of	  Corbin	  (Corbin	  and	  Strauss,	  
2008),	  with	  positivist	  and	  constructivist	  elements	  shaping	  my	  choice	  of	  methods.	  In	  
particular	  my	  preference	  for	  a	  flexible	  method	  to	  investigate	  how	  design	  influences	  
the	  learning	  experiences	  students	  have	  with	  VPs	  dictated	  GT	  as	  my	  vehicle	  for	  the	  
qualitative	  component.	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2.3. Practical	  Choices:	  Five	  research	  principles	  	  
I	  have	  described	  the	  planning	  of	  a	  research	  study	  (2.1),	  the	  research	  paradigms	  used	  
(2.2).	  I	  now	  discuss	  the	  practical	  decisions	  and	  ethos	  that	  underpinned	  my	  research	  
proposal.	  This	  proposal	  planned	  close	  collaboration	  between	  a	  number	  of	  
institutions	  to	  achieve	  the	  necessary	  student	  recruitment.	  I	  adopted	  five	  principles	  
that	  feature	  consistently	  in	  the	  research	  grant	  application,	  this	  research,	  and	  the	  
open	  publication	  of	  the	  research	  findings	  (Arthritis	  Research	  UK,	  2010),	  shown	  in	  
Table	  2.	  	  
Research	  Principle	   Practical	  impact	  	  	   Relevance	  	  
1. Produce	  open	  access	  cases,	  and	  can	  be	  used,	  shared,	  
edited	  under	  a	  creative	  commons	  attribution	  share	  alike	  
licence.	  (http://creativecommons.org/).	  Wherever	  possible	  
modifiable	  collaborative	  open	  access	  resources	  should	  be	  
used	  for	  the	  research	  process	  to	  minimise	  costs.	  
Adopt	  open	  
technology	  and	  
avoid	  inflexible	  
and	  expensive	  
video	  resources.	  
Open	  access	  
publication	  
movement	  
2. Design	  VPs	  without	  specialist	  information	  technology	  
input	  (Bateman	  and	  Davies,	  2011),	  compliant	  with	  the	  
MedBiquitous	  2010	  XML	  standard	  for	  sharing,	  cases	  use	  
the	  MedBiquitous	  design	  possibilities	  such	  as	  branching	  
cases	  (Huwendiek,	  2009a).	  
Do	  not	  use	  natural	  
language	  
processing	  or	  
bespoke	  features.	  
Relevance	  and	  
generalisability	  
3. The	  research	  study	  must	  fit	  in	  scope	  and	  cost	  within	  a	  
three-­‐year	  education	  research	  fellowship.	  
Choice	  of	  materials	   Practicality	  
4. The	  research	  should	  promote	  collaboration	  between	  
centres	  in	  locally	  and	  nationally	  by	  presenting	  free	  
educational	  resources.	  
Flexible	  research	  
plan	  to	  fit	  within	  
local	  curricula	  
Promotion	  of	  use	  
collaboration	  and	  
uptake	  
5. Use	  software	  with	  the	  ability	  to	  track	  unique	  users,	  data	  
tracking	  of	  multiple	  metrics	  to	  evaluate	  decisions	  and	  
performance	  within	  the	  environment	  (Cook	  et.	  al.	  2010).	  
	  
Choice	  of	  software	   Originality	  and	  
impact.	  
Table	  2	  The	  five	  principles	  for	  the	  research	  
Based	  on	  an	  options	  appraisal	  of	  the	  flexibility,	  immediate	  and	  long	  term	  costs,	  
sustainability,	  functionality,	  and	  risks	  associated	  with	  each	  of	  the	  development	  
packages,	  I	  chose	  the	  software	  VP-­‐Sim/	  DecisionSim	  (DecisionSim-­‐LLC,	  2012)	  to	  
conduct	  the	  research.	  DecisionSim	  was	  created	  originally	  by	  the	  University	  of	  
Pittsburgh	  and	  is	  an	  iteration	  of	  the	  software	  VP-­‐Sim	  developed	  in	  Pittsburgh	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(McGee	  et	  al.,	  1998).	  It	  is	  compatible	  with	  all	  of	  the	  principles	  of	  the	  research	  
outlined	  in	  Table	  2	  (tracking,	  branching,	  open	  publication,	  MedBiquitous	  compliant).	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Section	  3. Review	  of	  Qualitative	  Research	  Methods	  
	  
In	  the	  previous	  section	  I	  have	  introduced	  the	  VP	  research	  application	  with	  an	  initial	  
quantitative	  research	  component.	  In	  this	  section	  I	  describe	  my	  choice	  of	  grounded	  
theory	  (GT)	  as	  my	  choice	  of	  qualitative	  research	  methodology.	  A	  sometimes	  
controversial	  method,	  this	  section	  will	  debate	  the	  different	  schools	  of	  GT,	  and	  their	  
practical	  impact	  on	  research	  planning,	  	  data	  collection,	  theoretical	  abstraction	  and	  
interpretation.	  	  
3.1. Choice	  of	  GT	  
Qualitative	  research	  comprises	  of	  a	  number	  of	  distinct	  methodological	  approaches.	  
In	  this	  section	  I	  discuss	  the	  choice	  of	  a	  qualitative	  research	  component,	  the	  selection	  
of	  GT	  for	  study,	  the	  use	  of	  focus	  groups	  to	  conduct	  the	  qualitative	  research,	  and	  
methodological	  limitations	  of	  the	  study.	  	  	  
	  
	  
Qualitative	  research	  is	  defined	  by	  Lingard	  and	  Kennedy	  (2010)as	  follows:	  
	  “Qualitative	  researchers	  study	  social,	  relational	  and	  experiential	  
phenomenon	  in	  their	  natural	  setting…	  How	  and	  what	  questions	  are	  
particularly	  suited	  to	  qualitative	  research.	  (Lingard	  and	  Kennedy,	  2010),	  p.323	  
	  
Kuper	  et	  al.	  (2008b)	  describe	  the	  process,	  and	  materials	  used	  for	  qualitative	  research	  
as	  follows:	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“…aims	  to	  generate	  in	  depth	  accounts	  from	  individuals	  and	  groups	  by	  talking	  
with	  them,	  watching	  their	  behaviour,	  and	  analysing	  their	  artefacts	  (such	  as	  
diaries,	  meeting	  minutes,	  photographs)	  and	  taking	  into	  account	  the	  different	  
contexts	  in	  which	  they	  are	  based.”	  (Kuper	  et	  al.,	  2008a),	  p.	  405	  
	  
My	  research	  is	  intended	  to	  answer	  the	  following	  question.	  How	  and	  why	  different	  
design	  principles	  influence	  student	  learning	  experiences	  when	  using	  VPs?	  The	  goal	  is	  
to	  build	  theory	  and	  understanding	  of	  student	  experiences	  with	  VPs	  that	  are	  based	  on	  
real	  student	  experiences,	  but	  flexible	  enough	  to	  include	  appropriate	  data,	  and	  
sample	  the	  appropriate	  population.	  Here	  the	  research	  question	  has	  shaped	  the	  
research	  paradigm	  that	  I	  have	  used	  (and	  to	  an	  extent,	  vice	  versa),	  and	  the	  choice	  of	  
GT	  as	  a	  methodology.	  I	  have	  adopted	  a	  GT	  approach	  initially	  described	  by	  Barney	  
Glaser	  and	  Anselm	  Strauss	  (1967).	  In	  Section	  2.2	  I	  alluded	  to	  the	  different	  schools	  of	  
GT	  (Morse,	  2009).	  I	  have	  chosen	  the	  method	  described	  by	  Strauss	  and	  Corbin	  
(1998b).	  They	  describe	  GT	  as:	  
	  
“theory	  that	  was	  derived	  from	  the	  data,	  systematically	  gathered	  and	  
analysed	  through	  the	  research	  process.	  In	  this	  method,	  data	  collection,	  
analysis,	  and	  eventual	  theory	  stand	  in	  close	  relationship	  with	  one	  another.	  A	  
researcher	  does	  not	  begin	  the	  project	  with	  a	  preconceived	  theory	  in	  mind”	  
(Corbin	  and	  Strauss,	  1998),	  p.8	  
	  
This	  definition	  emphasises	  the	  importance	  of	  properties	  in	  common	  to	  all	  schools	  of	  
GT:	  theory	  grounded	  in	  the	  data,	  iterative	  study	  design,	  purposeful	  sampling,	  and	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comparison	  of	  data.	  The	  theory	  developed	  in	  the	  research	  should	  be	  ‘grounded’	  in	  
the	  data,	  and	  not	  clouded	  by	  the	  researchers	  own	  background	  or	  preconceptions.	  
Although	  researchers	  have	  ideas	  as	  starting	  points	  for	  research,	  described	  as	  
‘sensitising	  concepts’	  (Bowen,	  2006),	  and	  researchers	  should	  be	  aware,	  or	  ‘reflexive’	  
to	  them.	  Reflexivity	  is	  defined	  as	  follows:	  (Malterud,	  2001)	  
	  
“An	  attitude	  of	  attending	  systematically	  to	  the	  context	  of	  knowledge	  
construction,	  especially	  to	  the	  effect	  of	  the	  researcher,	  at	  every	  step	  of	  the	  
research	  process”	  (Malterud,	  2001),	  p.484	  
	  
3.2. GT	  is	  a	  family	  of	  research	  methods	  
GT	  is	  a	  qualitative	  research	  methodology	  first	  described	  by	  Glaser	  and	  Strauss	  
(1967),	  two	  American	  Sociologists.	  Dr	  Juliet	  Corbin	  was	  a	  nursing	  researcher	  who	  
worked	  with	  Anselm	  Strauss	  for	  over	  16	  years	  (Morse,	  2009).	  GT	  has	  evolved	  to	  be	  
an	  umbrella	  term	  for	  a	  family	  of	  research	  methodologies	  with	  a	  fundamental	  set	  of	  
core	  principles,	  with	  individual	  research	  groups	  practicing	  using	  separate	  
methodologies	  from	  slightly	  different	  epistemological	  perspectives	  (Charmaz,	  2006,	  
Morse,	  2009).	  	  The	  fundamental	  components	  of	  GT,	  is	  the	  generation	  of	  theory,	  
derived	  from	  and	  grounded	  in	  the	  data	  collected	  by	  the	  researcher.	  Glaser	  and	  
Strauss	  railed	  against	  the	  need	  for	  predetermined	  hypotheses	  to	  be	  tested	  in	  GT:	  
"we	  are	  also	  trying,	  through	  this	  book,	  to	  strengthen	  the	  mandate	  for	  
generating	  theory,	  to	  help	  provide	  a	  defence	  against	  doctrinaire	  approaches	  
to	  verification”	  	  (Glaser	  and	  Strauss,	  1967),	  p.7	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Glaser	  and	  Strauss	  describe	  a	  systematic	  approach	  for	  allowing	  data	  to	  emerge	  in	  a	  
process	  of	  categorising	  findings,	  purposeful	  sampling,	  iteration,	  and	  theory	  
generation.	  They	  encouraged	  authors:	  	  
	  
"literally	  to	  ignore	  the	  literature	  of	  theory	  and	  fact	  on	  the	  area	  under	  study”	  
(Glaser	  and	  Strauss,	  1967),	  p.37	  
	  
Glaser	  and	  Strauss	  described	  an	  approach	  where	  data	  must	  first	  be	  broken	  down,	  
fractured	  into	  manageable	  meaningful	  units,	  in	  a	  process	  called	  coding	  that	  allows	  
categorisation.	  GT	  uses	  a	  constant	  comparison	  technique.	  This	  means	  new	  data	  is	  
compared	  and	  contrasted	  with	  existing	  data,	  potentially	  dictating	  further	  data	  
sampling	  (theoretical	  sampling).	  Data	  analysis	  and	  data	  collection	  occur	  
concurrently.	  GT	  was	  described	  in	  the	  context	  of	  care	  giving	  and	  illness	  experiences	  
(Glaser	  and	  Strauss,	  1965),	  it	  is	  now	  perhaps	  the	  most	  widely	  used	  qualitative	  
research	  method	  in	  the	  social	  sciences.	  
	  
Glaser	  and	  Strauss	  distinguished	  GT	  from	  other	  qualitative	  data	  based	  on	  theoretical	  
sampling,	  and	  constant	  comparative	  analysis.	  Data	  collection	  was	  described	  as	  
completed	  when	  ‘saturation’	  occurred,	  when	  no	  new	  themes	  emerged.	  Researchers	  
own	  skills	  directed	  the	  process	  of	  ‘what’	  to	  code	  and	  categorise,	  described	  as	  
“theoretical	  sensitivity”	  by	  Glaser	  and	  Strauss.	  The	  data	  itself	  can	  be	  in	  any	  form:	  
such	  as	  an	  interview,	  transcript,	  video,	  or	  focus	  group.	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3.2.1. The	  Evolution	  of	  GT	  to	  several	  families	  
The	  flexibility	  incorporated	  into	  GT	  led	  to	  debate	  and	  discord.	  In	  the	  decade	  
following	  the	  1967	  publication,	  after	  initial	  collaboration	  (Glaser	  and	  Strauss,	  1973)	  
the	  two	  researchers	  parted	  company,	  and	  developed	  separate	  schools	  of	  GT	  
(Charmaz,	  2004),	  initially	  the	  split	  described	  as	  ‘Glaserian’	  and	  ‘Strausserian’	  (Stern,	  
1995).	  	  
	  
Anselm	  Strauss	  went	  on	  to	  publish	  GT	  methodology	  that	  involved	  the	  use	  of	  a	  
research	  paradigm,	  and	  a	  more	  explicit	  set	  of	  instructions	  for	  researchers	  (Strauss,	  
1987).	  Juliet	  Corbin,	  research	  assistant	  to	  Strauss,	  then	  co-­‐researcher,	  collaborated	  
with	  Strauss	  on	  the	  first	  work	  in	  1990	  the	  “Basics	  of	  Grounded	  Theory”.	  Following	  
Strauss’s	  death	  in	  1996,	  Corbin	  further	  developed	  the	  text	  that	  underpins	  the	  
methodology	  I	  use	  (Strauss	  and	  Corbin,	  1990a,	  Strauss	  and	  Corbin,	  1998b,	  Corbin	  
and	  Strauss,	  2008).	  In	  each	  Corbin	  describes	  a	  coding	  paradigm,	  a	  tool	  to	  direct	  the	  
coding	  process.	  	  Corbin	  and	  Strauss	  define	  the	  paradigm	  in	  their	  most	  recent	  
publication	  (2008)	  as:	  
	  
“the	  paradigm	  is	  a	  perspective,	  a	  set	  of	  questions	  that	  can	  be	  applied	  to	  data	  
to	  help	  the	  analyst	  draw	  out	  contextual	  factors	  and	  identify	  relationships	  
between	  context	  and	  process.”	  (Corbin	  and	  Strauss,	  2008),	  p.89	  
	  
This	  research	  paradigm	  they	  describe	  revolves	  around	  the	  principles	  of	  conditions,	  
interactions	  and	  emotions,	  and	  consequences	  of	  events.	  This	  paradigm	  is	  perhaps	  
the	  simplest	  example	  of	  how	  the	  schools	  of	  GT	  disagree.	  Glaser	  publication	  ‘Basics	  of	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GT	  analysis:	  emergence	  vs.	  forcing’	  (Glaser,	  1992),	  suggests	  the	  coding	  paradigm	  
potentially	  forces	  data	  into	  different	  categories	  arguing	  an	  ‘identikit’	  approach	  is	  
against	  the	  fundamental	  principles	  of	  GT,	  and	  proposes	  a	  different	  coding	  approach.	  
Both	  schools	  have	  relative	  merits	  acknowledged	  by	  leading	  GT	  proponents	  (Kelle,	  
2007).	  	  
	  
In	  summary	  GT	  evolved	  into	  different	  schools	  from	  its	  origins,	  with	  the	  work	  of	  
Glaser	  and	  Strauss	  approaching	  similar	  concepts	  in	  different	  ways,	  Strauss	  proposing	  
a	  more	  structured	  approach	  to	  data	  interpretation,	  with	  its	  accompanying	  
limitations.	  	  
	  
3.3. Corbin’s	  GT:	  a	  description	  of	  the	  method	  used	  in	  this	  research	  
For	  the	  remainder	  of	  this	  section	  I	  will	  principally	  discuss	  the	  GT	  methods	  proposed	  
by	  Corbin	  (2008).	  I	  present	  Corbin’s	  approach	  to	  coding,	  ‘memoing’,	  and	  coding	  
paradigms.	  
	  
Coding	  allows	  the	  qualitative	  researcher	  to	  analyse	  emergent	  data,	  allowing	  
categorisation,	  and	  the	  abstraction	  of	  meaning	  from	  data	  in	  any	  form	  of	  collection.	  
Gibbs	  (2007)	  defined	  coding	  as:	  
	  
“Coding	  is	  how	  you	  define	  what	  the	  data	  you	  are	  analysing	  is	  about.	  It	  
involves	  identifying	  and	  recording	  one	  or	  more	  passages	  of	  test	  or	  other	  data	  
items	  such	  as	  the	  parts	  of	  pictures	  that	  in	  some	  sense,	  exemplify	  the	  same	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theoretical	  or	  descriptive	  ideas.	  Usually,	  several	  passages	  are	  identified	  and	  
they	  are	  then	  linked	  with	  a	  name	  for	  that	  idea,	  the	  code.”	  (Gibbs,	  2007)	  p.39	  
	  
More	  simply,	  codes	  have	  been	  defined	  as	  follows:	  	  
“Codes	  capture	  patterns	  and	  themes,	  and	  cluster	  them	  under	  an	  evocative	  
title.”	  (Lempert,	  2007)	  p.248	  
	  
This	  does	  not	  answer	  what	  a	  researcher	  should	  code.	  Glaser	  and	  Strauss	  provide	  
guidance	  in	  the	  introduction	  to	  their	  original	  work	  (1967),	  drawing	  on	  the	  concept	  of	  
theoretical	  sensitivity.	  
“He	  must	  have	  a	  perspective	  that	  will	  help	  him	  see	  relevant	  data	  and	  abstract	  
significant	  categories	  from	  his	  scrutiny	  of	  the	  data.”	  (Glaser	  and	  Strauss,	  
1967)	  p.3	  
	  
Line	  by	  line	  coding	  is	  suggested	  by	  Corbin	  as	  an	  appropriate	  first	  step	  for	  GT	  as	  it	  
means	  going	  through	  the	  transcript	  in	  full,	  with	  an	  analysis	  unbiased	  by	  the	  
researchers	  own	  presuppositions.	  Terminology	  for	  codes	  categories	  and	  themes	  has	  
been	  described	  as	  “rather	  mysterious”	  to	  the	  average	  reader	  (Gibbs,	  2007),	  and	  
reflect	  the	  split	  between	  Glaser	  and	  Strauss.	  For	  example,	  Barney	  Glaser	  talks	  of	  
“theoretical	  codes,	  coding	  and	  coding	  families”	  (Glaser,	  1978),	  which	  has	  contrasting	  
approaches	  to	  the	  approach	  of	  ‘open,	  axial	  and	  selective	  coding’	  of	  Strauss	  and	  
Corbin	  which	  I	  have	  adopted	  for	  this	  work	  (discussed	  in	  Section	  3.3.1).	  Other	  
researchers	  use	  different	  terminology	  such	  as	  ‘index’	  (Lewis	  and	  Ritchie,	  2003).	  The	  
most	  important	  principle	  is	  that	  GT	  is	  an	  iterative	  process,	  as	  new	  data	  emerge,	  it	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should	  be	  compared	  against	  other	  codes	  and	  emergent	  categories,	  to	  promote	  
understanding.	  Codes	  should	  be	  analytical	  and	  theoretical,	  not	  simply	  descriptive.	  
The	  individual	  labels	  for	  each	  code	  are	  decided	  by	  the	  author,	  who	  may	  choose	  to	  
use	  “in	  vivo”	  codes	  (Glaser	  and	  Strauss,	  1967).	  Here,	  the	  name	  concept,	  or	  code,	  has	  
been	  taken	  directly	  from	  the	  text.	  	  
	  
‘Memoing’	  is	  the	  process	  of	  making	  notes	  (memos)	  allowing	  one	  or	  more	  
researchers	  to	  record	  the	  principles	  behind	  the	  coding	  process.	  Memos	  provide	  a	  
benchmark	  for	  the	  development	  of	  more	  detailed	  analytical	  processes	  later	  in	  the	  
research	  project,	  assisting	  researchers	  to	  conduct	  rigorous	  methodological	  practice.	  
They	  help	  the	  researcher	  to	  conceptualise	  information	  from	  raw	  data,	  potentially	  
influencing	  coding,	  sampling,	  prior	  and	  future	  analysis.	  Both	  coding	  and	  memoing	  
can	  be	  helped	  by	  computer	  assisted	  qualitative	  data	  analysis	  (CAQDAS).	  	  
	  
	  ‘Constant	  comparison’	  of	  data	  is	  another	  hallmark	  of	  GT.	  Corbin	  and	  others	  (Bryant	  
and	  Charmaz,	  2007)	  suggest	  comparison	  can	  be	  facilitated	  using	  a	  number	  of	  
strategies.	  These	  include	  exploring	  deliberate	  extremes	  of	  a	  single	  dimension,	  to	  
prompt	  the	  researcher	  to	  consider	  different	  possibilities:	  the	  ‘Flip	  Flop’	  technique	  
(Strauss	  and	  Corbin,	  1990b).	  They	  also	  suggest	  other	  approaches	  such	  as	  ‘far	  out	  
comparisons’,	  and	  ‘waving	  the	  red	  flag’.	  ‘Far	  out	  comparisons’	  refer	  to	  comparing	  
different	  phenomena	  that	  share	  similar	  characteristics.	  ‘Waving	  the	  red	  flag’	  points	  
researchers	  to	  be	  wary	  of	  phrases	  that	  state	  certainty	  such	  as	  ‘never’	  or	  ‘always’,	  and	  
prompts	  the	  enquiry	  into	  ‘what	  if’	  the	  situation	  actually	  occurred.	  The	  central	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process	  of	  GT	  methodology	  is	  the	  interpretation	  and	  assignment	  of	  meaning	  to	  the	  
actions	  of	  participants,	  reflecting	  and	  comparing	  meaning.	  	  	  
	  
3.3.1. Corbin’s	  Coding	  Paradigm:	  	  
Corbin	  describes	  an	  approach	  to	  coding	  that	  occurs	  in	  three	  steps	  that	  are	  not	  
mutually	  exclusive.	  Gibbs	  (2007)	  summarises	  the	  steps	  as	  follows:	  	  
	  
“(1).	  Open	  coding,	  where	  text	  is	  read	  reflectively	  to	  identify	  relevant	  
categories.	  (2).	  Axial	  coding,	  where	  categories	  are	  refined,	  developed	  and	  
related	  or	  interconnected.	  (3).	  Selective	  coding,	  where	  the	  ‘core	  category’	  or	  
central	  category	  that	  ties	  all	  the	  other	  categories	  in	  the	  theory	  together	  into	  a	  
story,	  is	  identified	  and	  related	  to	  the	  other	  categories.”	  (Gibbs,	  2007),	  p.50	  
	  
The	  process	  begins	  with	  open	  coding,	  a	  methodology	  of	  producing	  a	  concept	  from	  a	  
piece	  of	  data	  or	  text.	  In	  the	  process	  of	  open	  coding	  concepts	  are	  organised	  into	  
discrete	  categories.	  It	  may	  be	  the	  initial	  open	  codes	  are	  more	  descriptive	  rather	  than	  
analytical,	  but	  these	  can	  then	  be	  refined	  at	  a	  later	  step.	  Following	  on	  from	  this	  axial	  
coding	  organises	  the	  individual	  codes	  around	  different	  categories	  in	  a	  hierarchical	  
structure.	  ‘Lower	  level’	  concepts	  can	  be	  logically	  grouped	  into	  a	  smaller	  number	  of	  
higher-­‐level	  concepts.	  The	  process	  of	  axial	  coding	  is	  described	  by	  Strauss	  and	  Corbin	  
(1998a,	  p112)	  in	  the	  second	  edition	  of	  basics	  of	  qualitative	  research	  as:	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“The	  process	  of	  relating	  categories	  to	  their	  subcategories,	  termed	  “axial”	  
because	  coding	  occurs	  around	  the	  axis	  of	  a	  category,	  linking	  categories	  at	  the	  
level	  of	  properties	  and	  dimensions”.	  (Strauss	  and	  Corbin,	  1998),	  p112	  
	  
In	  axial	  coding,	  a	  category	  must	  represent	  a	  clear	  set	  of	  dimensions	  that	  are	  inter-­‐
related.	  The	  categories	  themselves	  are	  mutually	  exclusive.	  For	  example	  audio	  files,	  
video,	  and	  pictures	  could	  all	  be	  categorised	  as	  ‘accessory	  media’,	  and	  defined	  as	  an	  
extra	  resource	  for	  teaching.	  All	  the	  members	  of	  that	  category	  must	  share	  the	  
common	  features,	  but	  have	  different	  dimensions,	  such	  as	  file	  size	  from	  (1	  Kilobyte	  to	  
10	  megabytes)	  or	  the	  time	  intended	  to	  use	  the	  media	  (seconds	  to	  hours).	  Here	  we	  
can	  see	  that	  as	  the	  dimensions	  of	  accessory	  media	  emerge,	  so	  does	  the	  
understanding	  of	  the	  parent	  category.	  No	  data	  would	  be	  excluded	  on	  the	  basis	  of	  the	  
lack	  of	  an	  appropriate	  category-­‐	  a	  category	  would	  need	  to	  be	  created.	  	  
	  
Finally	  in	  GT,	  the	  final	  approach	  consists	  of	  selective	  coding,	  where	  a	  central	  
phenomena	  is	  identified	  by	  the	  virtue	  of	  its	  relationships	  with	  the	  other	  categories.	  
Strauss	  and	  Corbin	  (1998b)	  suggest	  you	  identify	  a	  single	  one.	  Further	  iterations	  of	  
individual	  codes,	  categories	  and	  their	  dimensions	  occur	  at	  this	  stage,	  using	  a	  
analytical	  and	  theoretical	  perspective	  (Gibbs,	  2007),	  described	  by	  Corbin	  and	  Strauss	  
(2008)	  as	  ‘integration’.	  	  They	  define	  this	  as:	  
	  
“the	  process	  of	  linking	  categories	  around	  a	  core	  category	  and	  refining	  and	  
trimming	  the	  resulting	  theoretical	  construction.”	  (2008,	  p.263)	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Corbin	  and	  Strauss	  respond	  to	  Glaser’s	  criticism	  that	  the	  paradigm	  is	  formulaic	  
suggesting	  “not	  to	  fixate	  on	  the	  specifics	  of	  the	  paradigm”	  (2008,	  p.90),	  and	  let	  the	  
basic	  principles	  of	  emergent	  data	  persist.	  As	  discussed	  in	  Section	  2.2.3	  (p.65),	  I	  agree	  
that	  dogma	  in	  GT	  methodology	  or	  the	  epistemological	  origins	  is	  likely	  to	  be	  counter-­‐
productive.	  Some	  qualitative	  research	  experts	  have	  categorised	  Corbin’s	  work	  as	  
continuing	  “in	  the	  post-­‐positivist	  tradition”	  (Kennedy	  and	  Lingard,	  2006).	  Critically,	  
Corbin	  herself	  states	  that	  she	  explicitly	  has	  avoided	  a	  prescribed	  epistemological	  
stance.	  She	  states:	  
	  
“I	  realise	  there	  is	  no	  one	  “reality”	  out	  there	  waiting	  to	  be	  discovered…	  I	  agree	  
with	  the	  constructivist	  viewpoint	  that	  concepts	  and	  theories	  are	  constructed	  
by	  researchers.”	  	  	  (Corbin	  and	  Strauss,	  2008),	  p.10	  
	  
The	  dissociation	  of	  the	  epistemological	  stance	  from	  method	  is	  in	  itself	  controversial,	  
but	  Corbin	  states:	  
	  	  
“I	  do	  not	  have	  a	  simple	  term	  to	  describe	  the	  method	  presented	  here”	  (Corbin	  
and	  Strauss,	  2008),	  p.7	  	  
	  
Corbin	  does	  embrace	  some	  of	  the	  newer	  constructivist	  viewpoints	  on	  GT	  as	  
proposed	  principally	  by	  Charmaz	  (2006).	  There	  remains	  disagreement	  in	  the	  
literature	  as	  to	  the	  most	  appropriate	  form	  of	  GT	  to	  use	  in	  Medical	  Education	  
research	  (Watling	  and	  Lingard,	  2012,	  Morse,	  2009).	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3.3.2. Problems	  with	  Adopting	  	  GT	  
The	  term	  GT	  has	  been	  misused	  in	  healthcare.	  Catherine	  Pope	  and	  Nicholas	  Mays	  
(2007,	  p.71)	  	  describe	  the	  problems	  as	  follows:	  
	  
“Unfortunately,	  the	  term	  ‘grounded	  theory’	  has	  often	  been	  misused	  as	  a	  
synonym	  for	  any	  sort	  of	  qualitative	  ‘analysis’,	  and	  sometimes	  weak	  analysis	  
at	  that.	  It	  is	  not	  uncommon	  for	  research	  papers	  to	  report	  using	  ‘grounded	  
theory’,	  but	  without	  any	  sign	  of	  the	  elements	  described.”	  (Pope	  and	  Mays,	  
2007),	  p.71	  
	  
GT	  interpretation	  can	  be	  influenced	  by	  reflexivity	  (Shacklock	  and	  Smyth,	  1998),	  
researcher	  preconceptions	  (Strauss	  and	  Corbin,	  1990b),	  and	  the	  epistemological	  
stance	  (Cresswell,	  2007).	  Shacklock	  and	  Smyth	  (1998)	  describe	  the	  substance	  of	  
reflexivity	  as	  relating	  to	  the	  acknowledgement	  of	  the	  researchers	  own	  limitations	  
which	  relate	  to	  all	  that	  they	  study:	  
	  	  
“As	  we	  see	  it,	  the	  process	  of	  reflexivity	  is	  an	  attempt	  to	  identify,	  do	  something	  
about,	  and	  acknowledge	  the	  limitations	  of	  the	  research:	  its	  location,	  its	  
subjects,	  its	  process,	  its	  theoretical	  context,	  its	  data,	  its	  analysis,	  and	  how	  
accounts	  recognize	  that	  the	  construction	  of	  knowledge	  takes	  place	  in	  the	  
world	  and	  not	  apart	  from	  it….To	  not	  acknowledge	  the	  interests	  implicit	  in	  a	  
critical	  agenda	  for	  the	  research,	  or	  to	  assume	  value-­‐free	  positions	  of	  
neutrality,	  is	  to	  assume	  `an	  obscene	  and	  dishonest	  position'.”	  (Shaylock	  and	  
Smith,	  1998),	  p.6-­‐7	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I	  accept	  I	  have	  my	  own	  researcher	  preconceptions,	  experiences	  and	  reflexivity	  shape	  
the	  ideas	  that	  underpin	  my	  research	  questions,	  described	  as	  ‘sensitising	  concepts’	  
(Jupp,	  2006).	  Charmaz	  (2003)	  does	  not	  see	  this	  as	  a	  barrier,	  but	  acknowledges	  they	  
may	  create	  problems:	  	  
Sensitizing	  concepts	  offer	  ways	  of	  seeing,	  organizing,	  and	  understanding	  
experience;	  they	  are	  embedded	  in	  our	  disciplinary	  emphases	  and	  perspectival	  
proclivities.	  Although	  sensitizing	  concepts	  may	  deepen	  perception,	  they	  
provide	  starting	  points	  for	  building	  analysis,	  not	  ending	  points	  for	  evading	  it.	  
We	  may	  use	  sensitizing	  concepts	  only*	  as	  points	  of	  departure	  from	  which	  to	  
study	  the	  data.	  	  (Charmaz,	  2003),	  p.259	  
*bold	  emphasis	  reproduced	  from	  original	  
	  
One	  strategy	  is	  to	  explicitly	  identify	  these	  preconceptions	  (Lingard	  et	  al.,	  2008).	  I	  
have	  illustrated	  some	  personal	  examples	  of	  these	  in	  Figure	  8.	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Figure	  8	  Examples	  of	  potentially	  overlapping	  sensitising	  concepts,	  preconceptions	  and	  reflexivity	  for	  this	  
research 
	  
3.4. Focus	  Groups	  as	  a	  vehicle	  for	  research.	  	  
There	  are	  a	  number	  of	  approaches	  to	  gather	  information	  used	  in	  GT	  research.	  
Options	  include	  semi-­‐structured	  interviews,	  participant	  observation,	  and	  analysis	  of	  
transcripts,	  each	  with	  relative	  strengths	  and	  weaknesses.	  Focus	  groups	  have	  been	  
used	  in	  commercial	  market	  research,	  and	  by	  medical	  researchers	  for	  many	  years.	  
They	  are	  suited	  to	  qualitative	  research	  methods	  and	  open	  questioning	  (Flick,	  2002,	  
Kitzinger,	  1995).	  A	  focus	  groups	  is	  defined	  by	  Kruger	  and	  Casey	  (2000)	  as	  follows:	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“A	  focus	  group	  study	  is	  a	  carefully	  planned	  series	  of	  discussions	  designed	  to	  
obtain	  perceptions	  on	  a	  defined	  area	  of	  interest	  in	  a	  permissive,	  non-­‐
threatening	  environment.	  Each	  group	  is	  conducted	  with	  six	  to	  eight	  people	  by	  
a	  skilled	  interviewer	  .	  .	  .Group	  members	  influence	  each	  other	  by	  responding	  to	  
ideas	  and	  comments	  of	  others.”	  (Kruger	  and	  Casey,	  2000),	  p.5	  
	  
The	  skilled	  interviewer	  is	  typically	  called	  a	  moderator,	  a	  member	  of	  the	  research	  
team	  who	  oversees	  the	  discussion.	  The	  moderator	  may	  also	  have	  an	  assistant	  during	  
the	  focus	  group,	  termed	  a	  facilitator.	  The	  facilitator	  may	  also	  take	  on	  other	  roles	  
determined	  by	  the	  researchers.	  
	  
Focus	  groups	  have	  been	  used	  for	  research	  in	  musculoskeletal	  medicine	  (Pettersson	  
et	  al.,	  2010),	  and	  in	  medical	  student	  attitudes	  towards	  both	  	  VPs	  (Botezatu	  et	  al.,	  
2010a)	  and	  patient	  experiences	  (Kelly	  and	  Nisker,	  2010).	  Focus	  groups	  have	  also	  
been	  used	  to	  evaluate	  educational	  instructional	  design	  (Bridgemohan	  et	  al.,	  2005),	  
and	  how	  trainee	  doctors	  learn	  in	  the	  workplace	  (Teunissen	  et	  al.,	  2007a).	  
	  
The	  choice	  of	  a	  focus	  group	  as	  a	  method	  for	  this	  GT	  research	  is	  based	  on	  three	  
principles.	  These	  are:	  (1)	  the	  ability	  to	  maximise	  the	  spread	  of	  participants	  sampled	  
within	  a	  given	  time;	  (2)	  the	  appropriateness	  of	  the	  subject	  matter	  to	  maximise	  
reflection	  within	  the	  group	  dynamic;	  (3)	  my	  own	  prior	  experience	  in	  designing	  and	  
delivering	  focus	  groups.	  A	  focus	  group	  is	  likely	  in	  itself	  to	  provide	  a	  significant	  
proportion	  (up	  to	  70%)	  of	  the	  individual	  ideas	  elicited	  in	  by	  a	  series	  of	  individual	  
interviews	  (Fern,	  1982),	  making	  them	  an	  effective	  use	  of	  interview	  time.	  Focus	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groups	  allow	  exploration	  of	  group	  interaction	  and	  dynamics,	  described	  by	  Kitzinger	  
(1995)	  as	  follows:	  
	  
“When	  group	  dynamics	  work	  well	  the	  participants	  work	  alongside	  the	  
researcher,	  taking	  the	  research	  in	  new	  and	  often	  unexpected	  directions.”	  
(Kitzinger,	  1995),	  p.300	  
	  
As	  an	  exemplar	  I	  would	  not	  suggest	  using	  a	  focus	  group	  to	  study	  professionalism	  in	  
medical	  education	  (Bateman	  et	  al.,	  2011),	  as	  the	  topic	  may	  itself	  influence	  the	  group	  
dynamic.	  
3.4.1. Guiding	  Discussion	  in	  Focus	  Groups	  
Whilst	  there	  are	  several	  approaches	  to	  delivering	  focus	  groups,	  I	  have	  chosen	  to	  use	  
an	  established	  methodology	  described	  by	  Krueger	  and	  Casey	  (2009).	  To	  help	  direct	  
the	  discussion	  in	  a	  focus	  group,	  some	  focus	  groups	  use	  a	  defined	  set	  of	  topics,	  a	  
‘discussion	  guide’.	  Henninck	  (2010)	  defines	  this	  as	  follows:	  
 
“A	  discussion	  guide	  is	  a	  pre-­‐prepared	  list	  of	  discussion	  topics	  or	  actual	  
questions	  used	  by	  a	  moderator	  to	  facilitate	  the	  group	  discussion.”	  (Henninck,	  
2010),	  p.45	  
	  
I	  have	  used	  an	  iteration	  of	  this	  called	  the	  ‘funnelled	  questioning	  route’	  (Krueger	  and	  
Casey,	  2000).	  A	  ‘route’	  contains	  specific	  text	  and	  is	  read	  verbatim.	  This	  has	  a	  number	  
of	  advantages.	  The	  ‘funnel	  design’	  (Krueger	  and	  Casey,	  2009)	  describes	  the	  
introductory	  and	  opening	  questions,	  which	  move	  towards	  more	  specific	  questioning.	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Kruger	  suggests	  five	  categories,	  these	  are:	  (1)	  these	  are	  the	  initial	  opening	  questions;	  
(2)	  introductory	  questions;	  (3)	  transition	  questions;	  (4)	  key	  questions;	  (5)	  closing	  
questions.	  Using	  a	  ‘funnelled’	  questioning	  route,	  it	  allows	  the	  piloting	  of	  exact	  focus	  
group	  questions	  prior	  to	  data	  collection,	  and	  standardised	  question	  delivery.	  The	  
route,	  and	  questions	  can	  be	  revised	  either	  systematically	  (a	  ‘rolling	  discussion	  
guide’),	  or	  through	  selective	  refinements	  when	  judged	  necessary	  (Stewart	  and	  
Shamdasani,	  1990).	  	  
3.4.2. Pitfalls	  with	  Focus	  Groups	  
There	  are	  a	  number	  of	  problems	  and	  pitfalls	  with	  focus	  groups.	  These	  include	  the	  
moderator’s	  skills	  at	  promoting	  good	  group	  dynamics	  (Hennink,	  2010).	  Individual	  
students	  may	  dominate,	  or	  significant	  agreement	  may	  result	  in	  a	  subsequent	  paucity	  
of	  depth	  or	  breadth	  of	  discussion.	  Researchers	  should	  be	  reflexive,	  aware	  of	  factors	  
that	  may	  influence	  how	  participants	  behave.	  For	  example	  in	  this	  research	  I	  do	  not	  
present	  personal	  ownership	  of	  the	  VPs	  used,	  this	  may	  promote	  ‘deference	  effects’,	  
where	  students	  are	  reluctant	  to	  critically	  appraise	  the	  VPs.	  
	  
In	  summary	  focus	  groups	  when	  used	  in	  an	  appropriate	  structured	  fashion	  can	  be	  a	  
powerful	  research	  tool	  to	  support	  GT	  research.	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Section	  4. Qualitative	  Research.	  Virtual	  Patients:	  what	  works	  
and	  why?	  A	  grounded	  theory	  study	  
In	  the	  opening	  three	  sections	  of	  this	  thesis	  I	  have	  outlined	  that	  VPs	  are	  an	  effective	  
tool	  for	  teaching	  medical	  undergraduates.	  The	  design	  of	  VPs	  has	  been	  flagged	  as	  an	  
important	  research	  question	  in	  undergraduate	  medical	  education.	  In	  this	  section	  I	  
move	  from	  the	  introduction	  and	  planning	  of	  research	  to	  describe	  the	  major	  
qualitative	  component	  of	  this	  thesis:	  a	  grounded	  theory	  focus	  group	  study	  into	  how	  
VP	  design	  properties	  impact	  on	  undergraduate	  education.1	  
4.1. Research	  Question.	  
In	  the	  earlier	  sections	  I	  have	  highlighted	  the	  importance	  of	  Virtual	  Patients	  in	  
Medical	  Education,	  the	  lack	  of	  evidence	  to	  support	  VP	  design,	  and	  the	  calls	  in	  the	  
literature	  for	  further	  research.	  The	  research	  question	  is	  as	  follows:	  
How	  and	  why	  do	  different	  design	  principles	  commonly	  used	  in	  VP	  development	  
influence	  the	  experience	  undergraduate	  medical	  students?	  
4.2. Methods	  
This	  is	  a	  GT	  focus	  group	  study	  of	  medical	  undergraduates	  from	  one	  centre.	  I	  
authored	  two	  thirty-­‐minute	  VP	  cases	  for	  the	  explicit	  purpose	  of	  the	  research.	  I	  used	  
the	  MedBiquitous	  VP	  standard	  described	  in	  the	  literature	  review	  (MedBiquitous	  
Virtual	  Patient	  Working	  Group,	  2010).	  	  I	  used	  the	  VP	  authoring	  software	  DecisionSim	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  This	  qualitaitve	  research	  has	  been	  published	  as	  open	  access	  research.	  Bateman,	  J.,	  Allen,	  M.,	  Samani,	  D.,	  Kidd,	  J.	  &	  Davies,	  D.	  2013.	  Virtual	  patient	  design:	  Exploring	  what	  works	  and	  why.	  A	  grounded	  theory	  study.	  Medical	  Education,	  47,	  595-­‐606.	  PMID:	  23662877,	  	  For	  full	  text	  see	  appendix	  8a,	  p.251.	  
	  
	   	  J	  Bateman	   86	  	  	  	  	  
V2.0	  (DecisionSim-­‐LLC,	  2012).	  A	  schematic	  of	  the	  cases	  displaying	  the	  different	  
pathways	  through	  the	  case	  and	  how	  the	  overall	  case	  structure	  is	  laid	  out	  is	  shown	  in	  
Figure	  9,	  p.87.	  The	  cases	  include	  design	  properties	  including	  linear,	  branching,	  and	  
‘wheel	  and	  spoke’	  case	  narrative	  (Huwendiek	  et	  al.,	  2009a),	  created	  by	  combining	  
different	  node	  types	  (Figure	  1,	  p.24;	  Figure	  4,	  p.50)	  
	  
The	  other	  design	  principles	  are	  based	  on	  earlier	  sections	  of	  this	  thesis	  on	  my	  own	  
literature	  review	  of	  virtual	  patients,	  other	  expert	  evidence	  (Cook	  and	  Triola,	  2009),	  
existing	  open	  access	  virtual	  patient	  cases,	  and	  experience	  in	  producing	  and	  
authoring	  cases	  for	  a	  European	  Union	  research	  project,	  EViP	  (Smothers	  et	  al.,	  2008).	  
The	  design	  principles	  studied	  are	  presented	  the	  ‘instructional	  design	  features’	  in	  
Table	  3,	  p.88.	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Figure	  9	  A	  schematic	  representing	  the	  overall	  case	  structure	  of	  the	  research	  cases.	  A	  detailed	  description	  of	  their	  
components	  is	  found	  in	  table	  3	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Table	  3	  The	  case	  design	  for	  the	  two	  research	  cases,	  showing	  case	  properties,	  supporting	  media,	  and	  
instructional	  design	  features	  
	  
Overview	   Research	  Case	  1	   Research	  Case	  2	  
Case	  Narrative	   31-­‐year-­‐old	  Caucasian	  male,	  back	  pain,	  
mechanical	  evolving	  to	  inflammatory	  sero-­‐
negative	  arthritis	  with	  knee	  effusion	  
27-­‐year-­‐old	  Asian	  female,	  arthralgia	  and	  
compression	  neuropathy	  evolving	  to	  inflammatory	  
arthritis	  (rheumatoid	  arthritis).	  
Final	  Diagnosis	   Ankylosing	  Spondylitis,	  inflammatory	  knee	  
arthritis	  
Rheumatoid	  Arthritis,	  carpal	  tunnel	  syndrome	  
Role	  of	  student	  sitting	  VP	   Newly	  qualified	  doctor	   Newly	  qualified	  doctor	  
Target	  Audience	   Clinical	  Medical	  Students	   Clinical	  Medical	  Students	  
Setting	   Primary	  Case	   Secondary	  Care	  
Number	  of	  characters	  in	  VP	   3-­‐	  Patient,	  General	  Practitioner,	  
Rheumatologist	  
4-­‐	  Patient,	  Orthopaedic	  surgeon,	  Physiotherapist,	  
Rheumatologist	  
Time	  period	  Simulated	   Months	   Months	  
Principle	  Author	   James	  Bateman	   James	  Bateman	  
Authoring	  platform	   DecisionSim	  V2.0	   DecisionSim	  V2.0	  
Quality	  control	   Peer	  review,	  piloting	   Peer	  review,	  piloting	  
Case	  Properties	  
Total	  Number	  of	  nodes	  (steps)	   49	   68	  
Case	  Type	   Overall	  Linear,	  see	  S2	  for	  further	  details	   Overall	  Branched,	  see	  S2	  for	  further	  details	  
Number	  of	  Branches	   1	   3	  
Substantial	  routes	  through	  VP	   1	   27	  (3^3)	  
Choices	  at	  each	  branching	  point	   3	  (users	  redirected	  down	  linear	  path)	   3	  
Minimal	  steps	  to	  complete	  VP	   28	   28	  
Node	  types	   Question,	  branching,	  enquiry	   Question,	  branching,	  enquiry	  
Time	  allocated	  by	  author	   30	  minutes	   30	  minutes	  
Number	  of	  ‘Wheel	  and	  spoke	  hubs*	   3	   2	  
Supporting	  Media	  
Number	  of	  images	  in	  the	  case	   24	   16	  
Supporting	  images:	  Clinical	  	   Physical	  Examination;	  Blood	  tests;	  GALS	  
Screen,	  Annotated	  and	  normal	  Radiographs;	  
Authentic	  reports	  (Radiography	  ,	  
microbiology,	  lab)	  
Physical	  Examination;	  Observation	  Chart;	  Blood	  
tests;	  GALS	  Screen;	  Annotated	  and	  normal	  
Radiographs;	  Patient	  HAQ	  **	  
Supporting	  images:	  Miscellaneous	   Pictures	  of	  participants,	  environment,	  
letterheads	  for	  correspondence,	  electronic	  
results	  screens	  
Pictures	  of	  Patient,	  environment,	  letterheads	  for	  
correspondence,	  electronic	  results	  screens	  
Audio	  files	   No	   No	  
Video	  files	   No	   No	  
Instructional	  Design	  Features	  Studied	  
Structured	  promotion	  reasoning	   No	   Yes	  
History	  Taking:	  Enquiry	  chosen	  by	  student	   Yes	   Yes	  
History	  Taking:	  Information	  pre	  	  
Given	  in	  authentic	  health	  care	  records	  
Variable	  through	  case	   Variable	  through	  case	  
Investigation	  results:	  authentic	  presented	   Yes,	  some	   Yes,	  some	  
Investigation	  results:	  text	  only	  presented	   Yes,	  some	   Yes,	  some	  
Extra	  teaching	  resources	  within	  case	  	   Yes	   No	  
Extra	  teaching	  resources	  following	  case	   No	   Yes	  
Deliberate	  Errors	  included	   No	   Yes	  
Natural	  Language	  entry	   No	   No	  
Visual	  Signposting	   Majority	   Majority	  
Opportunity	  to	  question	  Peer	   No	   Yes	  
Common	  design	  Features	  Case	  1&2	  
In	  Case	  Questions	  and	  Assessment	  
Bayes	  Reasoning,	  (n=1),	  Key	  feature	  problem	  style	  (10),	  Clinical	  decisions	  (3)	  
Feedback	  in	  the	  cases	  
Both	  given	  immediately	  following	  decisions	  and	  delayed	  to	  be	  presented	  authentically	  in	  case	  evolution.	  	  
Includes	  why	  answers	  both	  right	  and	  wrong.	  Feedback	  given	  explicitly	  flagged	  as	  feedback,	  and	  tacit.	  
Variable	  design	  features	  Case	  1&2	  	  
Visible	  Score	  (present	  vs.	  absent),	  Navigation	  (open	  navigation	  vs.	  closed),	  timer	  (present	  vs.	  absent)	  
*Wheel	  and	  spoke	  refers	  to	  points	  where	  students	  an	  carry	  out	  different	  actions	  before	  carrying	  on	  down	  the	  linear	  pathway,	  for	  further	  
information	  see	  Huwendiek	  S,	  et	  al.3	  	  **HAQ	  refers	  to	  the	  Health	  Assessment	  Questionnaire,	  a	  self	  reported	  patient	  questionnaire	  on	  wellbeing.	  
Note:	  this	  table	  is	  reproduced	  from	  Bateman	  et	  al.	  (2013)	  Supplementary	  material	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Two	  hospital	  consultant	  physicians,	  two	  general	  practitioners,	  and	  two	  doctors	  in	  
specialist	  medical	  training	  piloted	  the	  cases.	  As	  part	  of	  the	  piloting	  reviewers	  
submitted	  free	  text	  comments	  to	  improve,	  and	  comment	  on	  logistical,	  technical	  and	  
medical	  aspects	  for	  the	  VP	  cases.	  
4.2.1. Setting	  and	  Participants.	  
The	  setting	  was	  University	  Hospital	  Coventry	  and	  Warwickshire	  Clinical	  Sciences	  
Building	  Library	  and	  teaching	  rooms,	  a	  familiar	  environment	  to	  the	  students.	  I	  used	  
an	  iterative	  purposeful	  sampling	  technique.	  A	  short	  introduction	  was	  used	  to	  invite	  
volunteers	  to	  take	  part	  in	  research	  in	  musculoskeletal	  medical	  education.	  Inclusion	  
criteria	  were	  that	  the	  subjects	  were	  medical	  students	  at	  Warwick	  Medical	  School.	  
There	  were	  no	  specific	  exclusion	  criteria,	  for	  example	  students	  were	  not	  excluded	  on	  
the	  basis	  of	  age,	  gender,	  or	  previous	  undergraduate	  degree	  programme.	  Volunteers	  
were	  deliberately	  not	  informed	  that	  the	  research	  would	  be	  related	  to	  e-­‐learning,	  but	  
were	  aware	  that	  the	  method	  related	  to	  medical	  education,	  would	  require	  two	  hours	  
of	  time,	  and	  would	  involve	  an	  activity	  and	  a	  focus	  group.	  To	  minimise	  any	  deference	  
effects	  I	  did	  not	  acknowledge	  the	  personal	  ‘ownership’	  or	  ‘authorship’	  of	  the	  cases.	  
Students	  who	  had	  volunteered	  to	  participate	  in	  the	  sessions	  were	  then	  given	  a	  
participant	  information	  sheet,	  and	  had	  to	  sign	  informed	  consent.	  	  Written	  consent	  
forms	  and	  participant	  information	  sheet	  (Figure	  10)	  had	  received	  prior	  ethics	  
approval.	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Figure	  10	  Focus	  group	  participant	  information	  sheet	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4.2.1. Focus	  Group	  Funnelled	  questioning	  route.	  
	  I	  used	  a	  pre-­‐planned	  funnelled	  questioning	  route.	  We	  piloted	  this	  focus	  group	  
within	  our	  research	  group.	  This	  is	  shown	  below	  in	  Figure	  11.	  For	  the	  purposes	  of	  this	  
study,	  question	  design	  and	  structure	  has	  been	  calculated	  using	  available	  established	  
literature,	  providing	  a	  series	  of	  key	  research	  questions	  over	  a	  one-­‐hour	  period,	  with	  
50%	  of	  the	  time	  period	  spent	  discussing	  the	  key	  questions	  (Krueger	  and	  Casey,	  
2009).	  Question	  design	  is	  uni-­‐dimensional	  and	  conversational	  therefore	  avoiding	  
dichotomy	  when	  exploring	  areas.	  Our	  opening	  question	  ensures	  that	  each	  group	  
member	  contributes	  to	  the	  discussion.	  The	  introductory	  and	  transition	  questions	  
lead	  the	  students	  through	  introducing	  VPs	  as	  a	  concept,	  then,	  VP	  design.	  The	  styles	  
of	  questions	  are	  conversational,	  and	  try	  not	  to	  bias	  the	  answers.	  For	  example	  ‘were	  
there	  any	  aspects	  of	  feedback	  that	  you	  liked	  or	  did	  not	  like,	  and	  why’	  rather	  than	  ‘did	  
you	  like	  x’.	  The	  five	  questions	  explore	  branching	  in	  VP	  cases,	  clinical	  reasoning,	  
question	  styles,	  feedback,	  and	  any	  other	  issues.	  Our	  closing	  question	  explores	  a	  
single	  design	  element	  they	  enjoyed,	  and	  then	  a	  single	  area	  for	  improvement.	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Figure	  11	  Funnelled	  questioning	  route	  used	  in	  focus	  group	  research	  (Bateman	  et	  al.,	  2013)	  
	  
4.2.1.1. Analysis	  
A	  GT	  approach	  was	  used	  providing	  a	  constant	  comparison	  analysis	  of	  the	  data	  
collected.	  I	  used	  a	  ‘line-­‐by-­‐line’	  analysis	  for	  the	  first	  focus	  group,	  using	  memoing	  to	  
record	  my	  initial	  thoughts	  on	  the	  themes	  that	  were	  being	  developed.	  	  During	  my	  
initial	  open	  coding	  over	  100	  codes	  initially	  emerged.	  Memo	  writing	  was	  used	  to	  a	  
narrative	  tool	  to	  help	  theorise,	  and	  provide	  context	  to	  student	  discussions	  and	  help	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formulate	  understanding	  of	  data.	  Early	  and	  late	  speculative	  memos	  were	  used.	  
Theoretical	  categories	  were	  developed,	  allowing	  the	  development	  of	  concepts	  and	  
subsequent	  theoretical	  sampling.	  Coding	  was	  developed,	  modified,	  with	  ‘in-­‐vivo’	  
codes	  delineating	  different	  concepts	  from	  the	  transcript	  data.	  Memoing	  was	  used	  to	  
initiate	  theorising	  and	  conceptual	  development.	  The	  qualitative	  analysis	  tool	  ‘NVIVO	  
9’	  (QSR-­‐International-­‐Ltd.,	  2011)	  was	  used	  for	  developing	  the	  coding	  framework,	  and	  
for	  comparison	  and	  discussion	  with	  supervising	  researchers.	  The	  open	  coding	  
process	  was	  revisited	  by	  the	  principle	  research	  supervisors	  at	  scheduled	  meetings	  
(DD	  and	  MA)	  and	  at	  departmental	  education	  research	  meeting.	  A	  constant	  
comparison	  technique	  was	  used	  to	  identify	  concepts	  and	  hypotheses,	  establish	  
saturation	  of	  concepts	  to	  inform	  further	  data	  collection,	  and	  refine	  the	  ‘best-­‐fit’	  for	  
underlying	  categories.	  Axial	  coding	  of	  the	  data	  was	  conducted	  to	  merge	  categories	  
into	  a	  more	  meaningful	  structure,	  which	  produced	  an	  emergent	  central	  
phenomenon	  or	  core	  category.	  Categories	  and	  themes	  during	  the	  open	  coding	  were	  
modified,	  renamed,	  merged	  and	  removed	  with	  a	  constant	  comparison	  using	  data	  
from	  subsequent	  focus	  groups	  to	  inform	  the	  analysis	  from	  earlier	  work.	  Memos	  were	  
used	  to	  help	  maintain	  analytical	  ideas.	  Purposeful	  sampling	  was	  used,	  with	  the	  
option	  to	  sample	  students	  from	  any	  year	  group.	  Initially	  I	  chose	  students	  from	  year	  
four,	  but	  as	  themes	  relating	  to	  the	  potential	  positive	  and	  negative	  impact	  on	  the	  
year	  of	  student	  training	  recurred	  repeatedly	  across	  the	  groups,	  I	  purposefully	  
sampled	  medical	  students	  when	  they	  began	  to	  have	  significant	  contact	  with	  patients	  
(year	  2).	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Written	  feedback	  from	  the	  focus	  group	  facilitator	  (DS)	  was	  provided	  in	  electronic	  
form	  following	  each	  focus	  group	  which	  included	  comments	  on	  the	  moderator’s	  
approach	  to	  the	  FG,	  and	  suggestions	  for	  the	  questioning	  route.	  	  I	  agreed	  the	  coding	  
regimes	  with	  supervisors	  following	  meetings	  to	  discuss	  and	  agree	  coding	  of	  the	  
transcript.	  Axial	  coding	  was	  followed	  by	  selective	  coding	  where	  concepts	  were	  linked	  
to	  a	  central	  category	  that	  linked	  all	  of	  the	  other	  conceptual	  categories	  in	  the	  axial	  
coding	  process.	  I	  used	  the	  coding	  paradigm	  suggested	  by	  Strauss	  and	  Corbin	  (1998,	  
2008).	  I	  then	  proceeded	  to	  selective	  coding,	  and	  the	  conceptual	  abstraction	  from	  the	  
core	  themes	  to	  produce	  a	  pictorial	  model.	  This	  process	  continued	  in	  a	  cyclical	  
iterative	  process	  to	  where	  the	  primary	  researcher	  (JB)	  developed	  constructed	  theory	  
based	  on	  analysis	  of	  the	  paradigm.	  The	  theory	  was	  checked	  against	  memos	  and	  
earlier	  categories,	  and	  reviewed	  and	  refined	  addressing	  gaps	  in	  logic.	  The	  model	  was	  
presented	  at	  formal	  education	  review	  board	  meetings,	  and	  following	  a	  number	  of	  
iterations	  and	  refinements	  a	  final	  model	  was	  produced.	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4.3. Results	  
I	  conducted	  six	  focus	  groups	  in	  total.	  We	  invited	  48	  student	  volunteers	  to	  
participate.	  On	  the	  day	  of	  the	  focus	  group,	  46	  attended	  (96%	  attendance,	  29	  males	  
27	  females).	  The	  first	  four	  focus	  groups	  sampled	  medical	  students	  from	  year	  four.	  
The	  final	  two	  focus	  groups	  sampled	  more	  junior	  medical	  students	  from	  year	  two.	  
Table	  4	  The	  dates	  and	  participants	  of	  focus	  groups	  in	  the	  qualitative	  research.	  
Focus Group Date Participants 
attending (8 
invited per 
focus group) 
Year Moderator Facilitator 
1 25.2.11 8/8 4 JB DS 
2 11.3.11 8/8 4 JB DS 
3 23.3.11 8/8 4 JB DS 
4 24.3.11 7/8 4 JB DS 
5 5.4.11 7/8 2 JB Not present 
6 7.4.11 8 2 JB DS 
	  
The	  analysis	  produced	  a	  core	  central	  
phenomenon,	  ‘learning	  from	  the	  VP’.	  This	  
had	  four	  subcategories	  (see	  Figure	  12,	  
right).	  These	  were:	  ‘VP	  construction’,	  
‘external	  preconditions’,	  ‘student-­‐VP	  
interaction’,	  and	  ‘consequences’.	  Each	  of	  
these	  four	  subcategories	  are	  described	  in	  
detail,	  and	  defined	  in	  the	  coming	  four	  
sections.	  In	  each	  section	  I	  present	  
quotations	  from	  students,	  with	  further	  
quotations	  and	  definitions	  in	  the	  tables	  5-­‐
8.	  
Figure	  12	  Schematic	  showing	  the	  central	  phenomenon,	  
‘learning	  from	  the	  VP’,	  and	  subcategories	  from	  the	  
grounded	  theory	  analysis.	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4.3.1. Category	  One:	  VP	  Construction	  
An	  overview	  of	  the	  category	  VP	  construction	  is	  shown	  in	  Table	  5	  and	  Table	  6.	  VP	  
construction	  has	  three	  component	  categories,	  ‘Clinical	  properties’,	  ‘pedagogic	  
properties’	  and	  ‘E-­‐properties’.	  
	  
VP	  construction	  	  (right)	  describes	  the	  student’s	  
perspective	  on	  how	  they	  see	  the	  information	  and	  
activities	  presented	  to	  them	  whilst	  completing	  
the	  VP.	  These	  are	  grouped	  into	  three	  principle	  
subcategories.	  
	  
For	  the	  clinical	  properties	  of	  the	  case	  I	  have	  defined	  the	  two	  elements	  of	  clinical	  
properties	  as:	  “real	  life”	  (in-­‐vivo	  code),	  the	  clinical	  properties	  authored	  into	  a	  VP	  case	  
and	  how	  they	  relate	  to	  actual	  clinical	  practice;	  and	  ‘Pathway	  flux’,	  how	  the	  flow	  of	  
clinical	  and	  other	  information	  is	  presented	  between	  the	  student	  and	  the	  VP	  (see	  
Table	  5).	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Table	  5	  Clinical	  properties	  of	  the	  VP	  
Clinical	  Properties.	  Clinical	  properties	  authored	  into	  the	  virtual	  patient	  by	  an	  author	  
“Real	  Life”	  The	  clinical	  properties	  authored	  into	  a	  VP	  case	  and	  how	  they	  relate	  to	  actual	  clinical	  
practice	  
	  
Environment.	  Simulation	  of	  the	  clinical	  environment,	  for	  example	  GP	  having	  past	  healthcare	  
records	  from	  a	  patient	  
Authenticity.	  The	  authenticity	  of	  the	  narrative	  and	  supporting	  educational	  materials	  in	  the	  
case	  
Scope	  and	  content:	  The	  extent	  to	  which	  healthcare	  domains	  are	  explored	  by	  the	  case,	  such	  
as	  clinical	  knowledge,	  professionalism,	  clinical	  reasoning,	  local	  healthcare	  policy,	  and	  health	  
service	  structure.	  	  
Pathway	  Flux:	  How	  the	  flow	  of	  clinical	  and	  other	  information	  is	  presented	  between	  the	  student	  and	  
the	  VP	  
.	  
Channels	  and	  dams.	  The	  degree	  of	  freedom	  given	  to	  the	  student	  over	  their	  actions,	  
progression	  and	  the	  narrative	  in	  the	  case.	  	  
Evolution-­‐Evaluation.	  The	  extent	  to	  which	  data	  and	  information	  is	  presented,	  reviewed	  and	  
evaluated	  as	  the	  case	  progresses.	  	  
Clinical	  Inertia:	  	  How	  case	  progression	  is	  resisted	  by	  the	  quantity,	  quality,	  completeness	  and	  
relevance	  of	  pathways,	  data	  and	  activities	  that	  contribute	  to	  cognitive	  load,	  realism	  and	  
difficulty	  
	  
Clinical	  properties	  are	  properties	  that	  students	  see	  as	  being	  authored	  into	  the	  VP	  cases,	  
that	  is	  factors	  that	  relate	  to	  how	  they	  mimic	  “real	  life”	  in	  terms	  of	  authenticity,	  scope	  and	  
the	  clinical	  environment	  in	  which	  the	  VP	  is	  presented.	  The	  students	  also	  saw	  ‘pathway	  
flux’	  as	  an	  important	  component	  in	  presenting	  the	  flow	  of	  information	  from	  the	  student	  
to	  the	  VP,	  and	  this	  relates	  to	  properties.	  These	  are	  shown	  in	  Table	  6.	  The	  following	  quote	  
describes	  the	  property	  of	  authenticity	  as	  a	  component	  of	  one	  of	  the	  in-­‐vivo	  codes,	  ‘real	  
life’.	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The	  following	  quote	  (below)	  is	  an	  example	  of	  a	  quote	  that	  codes	  for	  ‘clinical	  inertia’	  
and	  pathway	  flux.	  	  
	  
I	  present	  other	  examples,	  quotes	  and	  definitions	  for	  pedagogic	  properties	  and	  e-­‐	  
properties	  in	  Table	  6,	  p.99.	  
	  
	   	  
“the	  referral	  letter	  was	  good	  and	  bad,	  good	  because	  it’s	  probably	  what	  we’d	  get,	  
and	  bad	  because	  it	  was	  a	  bad	  referral	  letter…	  one	  of	  the	  questions	  was	  what	  is	  
pertinent	  to	  this	  referral	  letter…	  and	  it	  had	  duration	  of	  symptoms,	  and	  you	  don’t	  
know	  how	  long	  its	  been	  going	  on	  for…”	  SR,	  FG3,	  Year	  4	  student	  
“I	  like	  the	  way	  it’s	  based	  on	  the	  way	  we’ve	  been	  taught	  so	  far…	  you	  start	  with	  the	  
history	  and	  you	  take	  a	  detailed	  history,	  and	  I	  like	  that	  it	  actually	  gave	  you	  the	  
option	  of	  collecting	  that	  history	  from	  that	  patient.	  …	  it	  still	  followed	  the	  steps	  that	  
you	  would	  take	  in	  a	  normal	  situation	  which	  is	  getting	  a	  clear	  history,	  a	  systems	  
review	  included	  of	  a	  patient	  and	  a	  condition…	  definitely	  something	  that	  applies	  to	  
real	  life*	  and	  definitely	  something	  that	  would	  be	  useful.”	  EA,	  FG6,	  Year	  2	  student	  
	  
*	  ‘real	  life’,	  an	  in-­‐vivo	  code	  occurs	  65	  across	  the	  six	  focus	  groups,	  being	  used	  at	  
least	  four	  times	  in	  each.	  Note	  the	  facilitator	  or	  moderator	  does	  not	  mention	  ‘real	  
life’.	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Table	  6	  VP	  Construction:	  clinical,	  pedagogic,	  and	  electronic	  properties.	  In-­‐vivo	  codes	  in	  italics	  
Pedagogic	  Properties:	  Teaching	  elements	  of	  VPs	  integrated	  into	  VP	  cases	  
Feedback:	  How	  feedback	  is	  delivered	  to	  the	  students	  as	  they	  complete	  a	  VP	  case.	  
	  
Format	  effects.	  Implications	  of	  different	  formats	  such	  as	  a	  letter,	  or	  a	  phone	  call,	  at	  
different	  times	  through	  the	  case	  
Tailoring:	  Extent	  to	  which	  student	  feedback	  is	  individualised,	  including	  comparisons	  
with	  peer	  performance	  
Prompting	  reasoning:	  Approaches	  that	  explicitly	  drive	  structured	  clinical	  reasoning.	  
	  “It	  was	  good	  to	  kind	  of	  think	  about	  the	  differentials…	  I	  do	  think	  the	  lack	  of	  
knowledge	  was	  an	  influential	  factor,	  but	  it	  did	  help	  me	  question	  why	  is	  it	  that	  
I’m	  including	  this	  one,	  and	  why	  is	  it	  that	  I’m	  including	  that	  one,	  I	  looked	  back	  to	  
the	  history…	  you	  come	  across	  important	  factors…	  is	  that	  a	  long	  term	  condition,	  
or	  is	  this	  acute...	  rule	  things	  out…	  I	  thought	  it	  was	  really	  good.”	  RR,	  FG5.	  
Decision	  Flux:	  How	  decisions	  contribute	  to	  freedom	  to	  make	  decisions	  both	  correct	  and	  
incorrect,	  and	  experience	  consequences	  of	  them.	  
Consequence	  effect:	  	  Extent	  to	  which	  students	  feel	  their	  decisions	  impact	  further	  down	  
the	  case	  narrative.	  
Limits	  and	  Forcing.	  	  Being	  forced	  to	  undertake	  a	  particular	  action,	  decision,	  cognitive	  
process	  or	  clinical	  experience	  irrespective	  of	  the	  apparent	  choices	  given.	  
	  “I	  quite	  liked	  the	  way	  that	  sometimes	  they	  got	  you	  to	  pick	  only	  three	  questions,	  
which	  kind	  of	  got	  you	  maybe	  to	  think	  rather	  than	  ask	  just	  random	  questions.	  
Think	  where	  your	  thoughts	  were	  going	  and	  what	  questions	  were	  important”	  CD.	  
FG6.	  
E-­‐Properties:	  Electronic	  properties	  used	  provoking	  comment	  and	  outside	  of	  normal	  
expectations	  for	  electronic	  interfaces.	  
E-­‐Signposting:	  The	  helpful	  effect	  of	  signposting	  students	  using	  images	  of	  locations	  and	  
particularly	  patients	  
	  “I	  really	  liked	  on	  the	  first	  case	  the	  pictures.	  I	  know,	  I	  know	  it	  was	  just	  random	  
adjudicators,	  but	  it	  kind	  of	  made	  you	  smile	  and	  if	  you’ve	  got	  that	  kind	  of	  visual	  
stimulation,	  oh	  that’s	  the	  GP	  OK,	  it	  kind	  of	  motivates	  you…”	  AR,	  FG1	  
E-­‐inertia:	  Electronic	  properties	  authored	  into	  cases	  which	  slow	  or	  hinder	  a	  student	  
interacting	  with	  a	  case.	  
Non	  e-­‐tasks:	  	  The	  use	  of	  items	  that	  don’t	  require	  actions	  by	  the	  student	  for	  example	  
summarising	  elements	  on	  paper	  
Software	  limits:	  Desired	  software	  features	  from	  students,	  not	  present,	  which	  limit	  
interaction.	  
‘Scroll	  scroll	  scroll’:	  Impact	  of	  multimedia	  design	  including	  text	  format,	  length,	  steps,	  and	  
image	  representation	  
	  “I	  think	  some	  of	  the	  pages	  were	  quite	  wordy,	  maybe	  it	  can	  be	  broken	  down	  into	  
two	  instead	  of	  one,	  and	  squeezing	  all	  of	  the	  information	  into	  one	  page,	  it	  just	  
gives	  me	  a	  headache	  	  ”SS,	  FG2.	  
E-­‐Error:	  Electronic	  error	  as	  students	  sit	  a	  case,	  the	  cause	  of	  which	  may	  or	  may	  not	  be	  
under	  the	  control	  of	  the	  case	  author	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4.3.2. Category	  2:	  External	  Preconditions	  
	  
‘External	  preconditions’	  are	  factors	  that	  relate	  
both	  to	  the	  student	  and	  training	  organisation	  
which	  are	  identified	  as	  being	  important	  to	  
students	  when	  completing	  a	  VP.	  They	  appear	  to	  
influence	  both	  the	  approach	  to	  the	  VP,	  and	  how	  
useful	  it	  is.	  There	  are	  three	  subcategories	  of	  external	  preconditions.	  	  
‘Student	  centred’	  describes	  factors	  that	  relate	  to	  the	  individual	  student	  and	  their	  
personal	  motivations,	  goals	  and	  experience	  can	  influence	  and	  prejudice	  their	  
learning	  from	  a	  VP.	  The	  following	  quote	  from	  focus	  group	  4	  describes	  a	  ‘student	  
goal’	  accepting	  an	  activity	  that	  resonates	  and	  aligns	  to	  an	  expected	  summative	  
assessment	  target.	  	  
	  
‘Organisational	  elements’	  relate	  to	  the	  influence	  that	  an	  institution	  has	  when	  
delivering	  any	  given	  VP,	  such	  as	  the	  background	  curriculum,	  or	  assessment	  strategy	  
used	  at	  the	  school.	  Our	  students	  highlighted	  three	  elements:	  (1)	  the	  ‘institution	  
fingerprint’;	  (2)	  the	  ‘assessed	  curriculum’;	  (3)	  ‘local	  environmental	  elements’.	  	  
	  
“I	  can	  see	  why	  its	  on	  there,	  because	  for	  finals,	  they	  are	  going	  to	  say,	  “what	  are	  
your	  differentials,	  summarise	  the	  case	  in	  a	  sentence”	  AR,	  FG1,	  Year	  4.	  ‘student	  
goals’	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Further	  examples,	  explanations	  and	  definitions	  are	  shown	  below	  in	  Table	  7.	  
	  
Table	  7.	  The	  category	  ‘external	  preconditions’.	  Note:	  reproduced	  from	  Bateman	  et	  al.	  (2013).	  In	  press.	  	  
Student	  centred:	  	  Student	  Centred	  factors	  that	  influences	  the	  utility	  of	  the	  VP	  case	  
Electronic	  Prejudice:	  	  How	  both	  prior	  positive	  and	  negative	  e-­‐learning	  experiences	  
prejudice	  the	  approach	  to	  a	  VP	  
Global	  Experience:	  The	  global	  knowledge	  and	  skills	  a	  student	  possesses	  about	  
medical	  problems	  and	  healthcare	  systems	  
	  Student	  Goals:	  The	  students	  personal	  goals	  for	  the	  learning	  activity,	  for	  example	  
relating	  to	  assessment	  or	  professional	  development	  	  
Organisational	  Elements:	  	  An	  organisations,	  educational	  aims,	  curriculum,	  assessment	  an	  
evaluation	  of	  students	  	  
Institution	  fingerprint:	  The	  organisational	  style	  and	  expectations	  of	  students	  when	  
delivering	  and	  evaluating	  educational	  interventions.	  	  
“I	  don’t	  know	  how	  that	  reflects	  on	  our	  teaching…	  we’re	  quite	  often	  lead	  to	  a	  
single	  best	  answer”	  KG,	  FG1,	  Year	  4	  student.	  
Assessed	  Curriculum:	  Factors	  that	  relate	  to	  the	  pedagogic,	  assessment	  and	  curricular	  
approaches	  of	  an	  educational	  institution.	  
Environmental	  elements:	  Local	  factors	  (location,	  computer	  hardware)	  that	  influence	  the	  how	  
a	  student	  interacts	  with	  a	  VP	  case	  
	  
	   	  
“I	  know	  we	  had	  an	  hour,	  and	  at	  the	  end	  people	  were	  leaving	  so	  I	  felt,	  sort	  of,	  hurry	  
up.”	  DE,	  FG3,	  Year	  4	  student.	  ‘environmental	  elements’	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4.3.3. Category	  3:	  Student-­‐VP	  interaction	  
The	  third	  category	  described	  is	  Student	  VP	  interaction.	  At	  its	  heart	  this	  describes	  the	  
interplaying	  elements	  between	  a	  student	  and	  a	  VP,	  the	  relationship	  between	  the	  
student	  and	  the	  case.	  There	  are	  six	  components	  of	  student	  VP	  interaction	  (see	  right,	  
and	  Table	  8,	  p.103).	  
This	  category	  is	  specific	  to	  each	  
individual	  student,	  and	  is	  a	  function	  of	  
the	  prior	  two	  categories	  ‘VP	  
construction	  and	  ‘external	  
preconditions’.	  The	  six	  sub-­‐categories	  
are	  as	  follows	  described	  in	  the	  
following	  section.	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Table	  8.	  Student-­‐VP	  interaction-­‐	  the	  interactions	  between	  a	  student	  and	  the	  VP	  as	  they	  complete	  a	  case.	  Note:	  
reproduced	  from	  Bateman	  et	  al.	  2013.	  
STUDENT	  VP	  INTERACTION	  
Skipping	  threshold:	  A	  threshold,	  above	  which	  negative	  behaviour	  patterns	  occur,	  and	  interaction	  ceases	  to	  be	  constructive	  
learning.	  	  
Efficient	  skipping:	  Engagement	  is	  limited	  by	  a	  drive	  to	  efficiently	  pick	  out	  activities	  that	  are	  perceived	  to	  add	  value	  or	  be	  
important	  
Judged	  credibility:	  A	  constant	  appraisal	  of	  usefulness,	  quality,	  and	  interactivity	  of	  the	  VP	  to	  judge	  continuing	  with	  the	  
case	  	  
Style:	  Approaches	  where	  the	  style	  of	  questioning	  promoted	  lack	  of	  engagement	  and	  skipping.	  	  
“there	  were	  some	  of	  the	  questions	  where	  it	  was	  you	  selected	  one	  answer,	  and	  it	  wouldn’t	  allow	  you	  to	  go	  through	  
until	  you	  clicked	  the	  right	  one….	  At	  that	  point	  I’d	  given	  up	  and	  was	  just	  guessing,	  which	  obviously	  I	  would	  never	  do	  
with	  a	  real	  patient.”	  DG	  FG5,	  year	  2	  student.	  
Mental	  Case	  building:	  Interactions	  which	  help	  the	  student	  to	  construct	  a	  mental	  representation	  of	  the	  case	  
Learning	  and	  assessment	  focus:	  Added	  engagement	  resulting	  from	  perceived	  benefits	  in	  learning,	  future	  assessments,	  or	  
the	  workplace	  
“Thinking	  outside	  the	  list”:	  Strategies	  which	  encourage	  students	  to	  think	  outside	  a	  predetermined	  list	  of	  answers	  in	  the	  
task	  
Pathway	  growth.	  Extent	  to	  which	  both	  decisions	  and	  branching	  pathways	  enhance	  students	  experiences,	  and	  experiential	  
learning	  
	  “I	  think	  I	  quite	  like	  the	  branching	  bit…	  because	  obviously	  in	  life	  there	  are	  a	  lot	  of	  different	  routes	  you	  can	  take	  and	  
it	  doesn’t	  necessarily	  mean	  one	  is…	  the	  best	  …	  I	  think	  its	  good	  to	  go	  a	  little	  bit	  off	  track….”	  JC,	  FG2,	  Year	  4	  student.	  
Mental	  case	  fracturing:	  	  Interactions	  which	  impair	  the	  student	  constructing	  a	  mental	  representation	  of	  the	  case	  
“Bogged	  Down”	  Role	  of	  ultimately	  irrelevant	  information	  either	  explicit	  (doctor	  suggesting	  behaviour	  for	  student)	  or	  tacit	  
(information	  load)	  
Invisible	  Elephant.	  Extent	  to	  which	  students	  see	  do	  not	  see	  feedback	  which	  is	  integrated	  into	  the	  case	  narrative,	  but	  not	  
explicitly	  labelled.	  
“Loss	  of	  control”.	  Students	  perceived	  loss	  of	  control	  in	  the	  case	  that	  may	  or	  not	  be	  related	  to	  branching	  structures.	  
Pathway	  decay:	  Decay	  in	  learning,	  which	  occurs	  from,	  lost	  time,	  effort,	  uncertainty	  or	  motivation	  from	  being	  allowed	  to	  
follow	  different	  routes.	  	  	  
Contextual	  dissonance:	  Factors	  which	  clash	  with	  previous	  case	  assumptions,	  such	  as	  discordant	  information	  	  
	  “There	  were	  some	  discrepancies…	  the	  age	  on	  the	  GP	  records	  is	  different	  to	  when	  you	  are	  given	  the	  first	  stem,	  
there	  is	  a	  9	  year	  difference,	  she	  was	  born	  in	  1970	  in	  one	  and	  1979,	  I	  don’t	  know	  whether	  or	  not	  that’s	  relevant.”	  
FH,	  FG1.	  
False	  Expectations:	  Student	  false	  preconceptions	  about	  clinical	  scenarios	  and	  professional	  duties	  that	  are	  detrimental.	  	  
Points	  on	  the	  board.	  	  Student	  primary	  focus	  becomes	  the	  assessment	  and	  scoring	  employed	  during	  the	  case.	  
E-­‐failure:	  A	  technical	  failure	  whose	  origins	  could	  be	  the	  students,	  author,	  VP	  software,	  or	  IT	  software,	  hardware	  and	  
infrastructure	  
E-­‐Relationships:	  How	  the	  students	  form	  relationships	  with	  electronic	  representations	  of	  patients	  and	  healthcare	  
professionals.	  	  
Stereotyping:	  Stereotyping	  or	  making	  moral	  professional	  or	  personal	  judgements	  about	  case	  participants.”	  
FK.	  “She	  was	  like	  ‘oh	  I	  have	  a	  new	  partner,	  I	  want	  to	  start	  a	  new	  family’.”	  
AR.	  “I	  was	  thinking,	  you’ve	  left	  it	  a	  bit	  late.”	  FG1,	  Year	  4	  students.	  
Relationship	  threshold:	  Complexity	  of	  sustaining	  a	  more	  than	  two	  of	  relationships	  in	  a	  case	  (supervisors,	  patient,	  allied	  
health	  professionals)	  
Hidden	  agenda:	  Activity	  of	  deconstructing	  the	  VP	  and	  its	  components	  out	  (naturally,	  out	  of	  curiosity)	  or	  to	  improve	  performance	  
Assessment	  subtext:	  	  Interpreting	  the	  case	  in	  the	  context	  of	  the	  institution	  or	  teacher	  assessment	  strategies	  	  
MB:	  “And	  when	  you	  think	  of	  it	  as	  an	  exam,	  you	  start	  looking	  for	  a	  style,	  because	  everyone	  has	  a	  style	  in	  the	  way	  
they	  will	  write	  a	  question	  and	  answer,	  and	  you’re	  trying	  to	  link	  the	  two	  up	  rather	  than	  thinking…”	  
JC:	  “What	  actually	  should	  I	  do?”	  FG	  2,	  year	  4	  students.	  
Case	  Template	  subtext:	  Student	  devoting	  time	  to	  exploring	  real	  or	  perceived	  examiner	  VP	  design	  structure,	  for	  interest	  of	  
to	  find	  patterns	  of	  assessment	  
“It	  felt	  to	  me	  like	  essentially	  you	  went	  off	  for	  a	  little	  tangent	  for	  a	  couple	  of	  windows	  and	  then	  it	  would	  drop	  you	  
back	  onto	  a	  common	  pathway	  towards	  to	  the	  end	  of	  whatever	  you	  did”	  JW:	  	  FG1,	  Year	  4	  student.	  
Handling	  Emotion:	  Students	  described	  the	  process	  of	  coping	  with	  different	  emotions	  during	  the	  case,	  eleven	  in	  total,	  listed	  here	  
Fairness,	  Humour,	  Comfort	  zone,	  Uncertainty,	  Fear,	  Confidence,	  Denial,	  Embarrassment,	  Pressure,	  Fatigue,	  Distraction.	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The	  six	  categories	  of	  student	  VP	  interaction	  shown	  in	  Table	  8,	  page	  103.	  In	  the	  
‘Skipping	  threshold’	  describes	  the	  concept	  of	  a	  point	  where	  a	  student	  disengages	  
with	  the	  case	  narrative,	  and	  the	  personal	  reasons	  why	  students	  may	  behave	  in	  this	  
way.	  In	  the	  table	  I	  demonstrate	  how	  a	  student	  that	  had	  described	  skipping	  inside	  the	  
VP	  in	  the	  following	  quote,	  which	  I	  have	  coded	  as	  ‘efficient	  skipping’.	  
	  
	  
This	  concept	  of	  a	  skipping	  threshold	  described	  by	  the	  students	  can	  be	  triangulated	  
using	  time-­‐stamped	  data	  records	  of	  student	  decisions	  within	  the	  cases	  (see	  Figure	  
13).	  Here	  student	  JC	  who	  describes	  skipping	  in	  the	  case	  can	  be	  seen	  to	  skip	  through	  a	  
key	  step	  in	  the	  case,	  where	  the	  examination	  findings	  are	  presented.	  JC’s	  time	  was	  3	  
seconds	  on	  this	  node,	  the	  mean	  time	  for	  student	  colleagues	  was	  30	  seconds,	  mean	  
reviewer	  time	  was	  19	  seconds.	  	   	  
JC.	  “Some	  of	  the	  pages	  had	  a	  lot	  of	  words	  on,	  and	  my	  eyes	  go,	  nah	  there’s	  a	  lot	  to	  
read	  there,	  and	  there’s	  nothing	  to	  input,	  and	  I	  don’t	  have	  to	  give	  anything,	  so	  
therefore	  there’s	  no	  need	  for	  me	  to	  read	  it	  because	  it	  wasn’t	  about	  the	  case.	  
That’s	  just	  me	  being	  lazy….”	  
AA.	  “I	  think	  by	  nature	  we’re	  all	  quite	  lazy,	  and	  we’ll	  be	  like	  ‘nah’.”	  
	  JC.	  “Efficient.”	  FG2,	  Year	  4	  students.	  ‘Skipping:	  style’	  and	  ‘efficient	  skipping’	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a)	   	   	   	   	   	   	  	  	  	  	  	  	  	  b)	  
	  
	  
	  
	  
	  
	  
	  
	  
Figure	  13	  Two	  sources	  of	  data	  triangulation:	  a)	  shows	  empirical	  evidence	  from	  data	  logs	  of	  student	  JC	  
‘skipping’	  through	  a	  node,	  compared	  to	  peers	  and	  reviewers.	  b)	  examples	  of	  free	  text	  comments	  from	  the	  self	  
reported	  VP	  evaluation	  completed	  before	  the	  focus	  group.	  
	  
I	  have	  described	  three	  separate	  reasons	  as	  to	  why	  students	  break	  through	  a	  skipping	  
threshold:	  efficiency,	  that	  is	  completing	  an	  activity	  as	  quickly	  as	  possible;	  the	  
credibility	  of	  the	  case,	  how	  much	  the	  case	  information	  and	  activities	  resonate	  with	  
the	  students;	  and	  the	  characteristics	  of	  the	  learning	  material	  presented,	  for	  example	  
block	  text	  requiring	  scrolling	  was	  not	  helpful.	  	  
	  
	  ‘Mental	  case	  building’	  and	  ‘mental	  case	  fracturing’	  are	  descriptions	  of	  how	  a	  mental	  
representation	  of	  a	  VP	  can	  be	  enhanced	  or	  sabotaged.	  ‘E-­‐relationships’	  describe	  the	  
formation	  and	  evolution	  of	  relationships	  between	  the	  student	  and	  various	  actors	  in	  
the	  case,	  such	  as	  the	  patient,	  and	  other	  allied	  health	  professionals	  incorporated	  into	  
the	  case.	  One	  component	  of	  ‘e-­‐relationships’	  is	  the	  ‘relationship	  threshold’.	  This	  
means	  that	  as	  the	  number	  of	  characters	  in	  the	  VP	  rises	  above	  three,	  students	  
User 
[FG 2] 
Seconds spent on node 
"Examination of Mrs Begum", 
case 2 of the qualitative 
research 
Case 
Score 
JC* 3 13 
CB 40 18 
JM 25 12 
HD 33 16 
AA 30 13 
MB 52 12 
AA 23 15 
AM 33 12 
Reviewer 1 23 N/A 
Reviewer 2 15 N/A 
“I	  thought	  the	  use	  of	  lots	  of	  information	  
from	  the	  history,	  test	  results	  and	  
radiographs	  made	  it	  a	  very	  realistic	  case	  to	  
work	  through.”	  WA,	  Electronic	  free	  text	  
comment,	  prior	  to	  FG3	  
	  
“It	  was	  useful	  as	  I	  had	  to	  make	  the	  decision	  
on	  what	  I	  would	  do,	  but	  if	  wrong	  I	  was	  
redirected	  on	  the	  right	  course	  so	  I	  could	  
learn	  from	  the	  case.”	  JM,	  Electronic	  free	  text	  
comment,	  prior	  to	  FG2	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repeatedly	  had	  difficulties	  in	  maintaining	  relationships	  with	  them,	  producing	  
confusion.	  	  	  
	  
The	  ‘hidden	  agenda’	  relates	  to	  student	  seeking	  alternative,	  and	  tacit	  components	  of	  
the	  case	  that	  may	  relate	  to	  either	  an	  institution	  or	  author.	  Students	  described	  looking	  
for	  elements	  such	  as	  traps	  and	  triggers	  that	  appear	  to	  mirror	  the	  students	  approach	  
to	  summative	  assessment.	  Students	  described	  probing	  for	  patterns,	  styles	  of	  cases,	  or	  
system	  vulnerabilities,	  which	  would	  allow	  them	  to	  work	  out	  the	  correct	  answer.	  
There	  were	  no	  system	  vulnerabilities	  identified	  by	  the	  students	  but	  this	  did	  not	  stop	  
the	  students	  from	  looking	  for	  them,	  as	  shown	  in	  the	  following	  quote.	  
	  
	  
	  
	  ‘Handling	  emotions’	  describes	  how	  a	  student	  experiences	  and	  deals	  with	  emotions	  
during	  the	  interaction	  with	  the	  VP.	  Frequently	  the	  emotions	  relate	  to	  other	  
healthcare	  professionals	  rather	  than	  the	  students	  with	  elements	  such	  as	  
‘embarrassment’	  relating	  to	  the	  fear	  of	  working	  with	  ‘virtual’	  colleagues.	  A	  student	  in	  
MB:	  “And	  when	  you	  think	  of	  it	  as	  an	  exam*,	  you	  start	  looking	  for	  a	  style,	  because	  
everyone	  has	  a	  style	  in	  the	  way	  they	  will	  write	  a	  question	  and	  answer,	  and	  you’re	  trying	  
to	  link	  the	  two	  up	  rather	  than	  thinking…”	  
JC:	  “What	  actually	  should	  I	  do?”	  FG	  2,	  year	  4	  students.	  	  ‘hidden	  agenda’	  	  
*this	  also	  codes	  for	  ‘external	  preconditions’,	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the	  following	  quote	  links	  some	  of	  the	  emotion	  to	  the	  realism	  embodied	  by	  the	  case.	  
Although	  logically	  some	  of	  the	  emotions	  such	  as	  fear,	  embarrassment	  appear	  to	  have	  
negative	  connotations,	  the	  students	  regularly	  associated	  the	  emotions	  with	  more	  
positive	  experiences.	  	  
	  
	  
	   	  
“It	  seemed	  quite	  realistic	  to	  me,	  like	  kind	  of	  both	  embarrassing	  and	  reassuring	  at	  
the	  same	  time.	  Even	  though	  it	  was	  simulated,	  I	  did	  feel	  a	  bit	  embarrassed	  when	  I	  
was	  being	  slightly	  corrected	  when	  I	  hadn’t	  decided	  to	  refer	  the	  patient…	  
That’s…giving	  you	  the	  feedback	  in	  a	  realistic	  way,	  how	  it	  probably	  would	  happen	  
in	  real	  life,	  and	  I	  feel	  like	  I’m	  going	  to	  remember	  that	  a	  lot	  more	  because	  of	  that	  
feeling	  of	  embarrassment*”	  AP	  FG5,	  ‘handling	  emotions’	  
	  
*The	  student	  here	  appears	  to	  link	  a	  negative	  emotion,	  embarrassment	  with	  a	  positive	  learning	  
experience,	  that	  it	  was	  memorable	  to	  feel	  uncomfortable.	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4.3.4. Category	  Four:	  Consequences.	  
The	  fourth	  and	  final	  category	  was	  ‘consequences’	  
that	  is	  the	  impact	  on	  the	  students	  as	  a	  result	  of	  
completing	  the	  case.	  There	  were	  two	  
components	  of	  this,	  a	  description	  of	  a	  change	  in	  
the	  students’	  knowledge,	  attitude	  or	  behaviour,	  
and	  a	  change	  in	  a	  ‘buy	  in’	  to	  VP	  cases	  in	  the	  
future.	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Table	  9	  Consequences-­‐	  the	  results	  of	  a	  student	  engaging	  with	  an	  individual	  or	  series	  of	  VPs	  
CONSEQUENCES	  
Student	  Change:	  The	  impact	  on	  knowledge	  and	  behaviours	  in	  students	  future	  practice	  
Real	  World	  Reasoning:	  Incorporating	  processes	  taught	  in	  the	  VP	  that	  change	  clinical	  practice	  and	  approach	  
to	  patients.	  	  
“I	  also	  liked	  the	  multiple	  choices	  question	  part,	  despite	  having	  10	  options	  for	  the	  blood	  results,	  what	  are	  
the	  three	  most	  important	  ones…..It	  gets	  you	  into	  the	  mind-­‐set	  of	  not	  ticking	  all	  of	  the	  boxes,	  which	  in	  
theory	  you	  could	  probably	  do	  come	  August	  if	  you	  wanted	  to.”	  BN,	  FG4,	  Year	  4	  student,	  [NOTE:	  August	  
refers	  to	  the	  month	  graduates	  begin	  work	  as	  a	  qualified	  doctor]	  
Addressing	  weakness:	  Highlighting	  areas	  of	  knowledge	  skills	  or	  behaviours	  that	  are	  weak,	  and	  addressing	  
those	  areas	  
	  “I	  kind	  of	  guessed	  the	  first	  one,	  and	  then	  I	  realised	  actually	  you	  can	  work	  it	  out…	  	  so	  it	  highlights	  your	  
weaknesses	  I	  suppose”	  AR,	  FG1,	  year	  4	  student	  
Individualised	  Experience:	  Unique	  user	  learning	  experiences	  which	  depends	  on	  domains	  one	  to	  three.	  
“I	  have	  a	  different	  experience	  from	  you,	  again	  because	  I	  didn’t	  look	  at	  the	  score…I	  stopped	  and	  I	  started	  
doing	  the	  modified	  Schober's	  test…	  having	  that	  break	  where	  I	  didn’t	  feel	  like	  I	  had	  to	  do	  anything,	  I	  was	  
just	  learning.”	  AL	  
Personal	  ‘Buy	  In’	  Extent	  to	  which	  VP	  design	  influences	  current	  and	  future	  participation	  of	  VP	  cases.	  
Learning-­‐realism	  Trade-­‐off.	  An	  apparent	  trade	  off	  between	  learning	  and	  realism	  when	  faced	  with	  different	  
design	  properties	  
	  “I	  think	  the	  question…	  is….	  do	  you	  want	  learning	  or	  realism,	  because	  it	  was	  better	  to	  learn	  with	  the	  linear	  
case,	  because	  obviously	  there’s	  only	  one	  way	  to	  go	  with	  it…	  if	  you	  make	  the	  wrong	  decision…we’re	  not	  
going	  to	  learn	  what	  the	  right	  path	  necessarily	  is.	  Whereas	  its	  going	  to	  obviously	  be	  more	  realistic…	  so	  the	  
second	  case	  was	  more	  realistic	  but	  the	  first	  one	  was	  a	  better	  learning	  experience.”	  MB,	  FG2.	  	  
Future	  Uptake:	  The	  approach	  to	  voluntary	  or	  compulsory	  cases	  in	  future	  training	  
	  
	  
The	  following	  quote	  describes	  one	  student	  talking	  about	  how	  the	  case	  has	  impacted	  
on	  practice.	  	  
	  
BN:	  “I	  also	  liked	  the	  multiple	  choices	  question	  part,	  despite	  having	  10	  options	  for	  
the	  blood	  results,	  what	  are	  the	  three	  most	  important	  ones...	  	  …It	  gets	  you	  into	  the	  
mind-­‐set	  of	  not	  ticking	  all	  of	  the	  boxes,	  which	  in	  theory	  you	  could	  probably	  do	  
come	  August*	  if	  you	  wanted	  to.”	  	  
FG4,	  Year	  4	  student,	  ‘Real	  world	  reasoning’.	  
*August	  refers	  to	  the	  month	  graduates	  begin	  work	  as	  a	  qualified	  doctor	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4.3.5. Developing	  the	  model.	  
The	  development	  of	  the	  model	  went	  through	  a	  series	  of	  steps,	  from	  an	  initial	  draft	  to	  
the	  final	  model.	  For	  interest	  I	  present	  some	  of	  early	  iterations	  of	  the	  model	  in	  
chronological	  order.	  	  
	  
Figure	  14	  Examples	  of	  the	  abstraction	  of	  theory	  illustrates	  a	  progression	  of	  model	  development	  (see	  also	  
appendix	  3)	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4.3.6. The	  model	  
	  
The	  model	  is	  shown	  below	  in	  Figure	  15.	  The	  model	  has	  three	  layers.	  In	  the	  inner	  
layer	  I	  consider	  the	  student	  condition	  before	  they	  sit	  the	  VP.	  The	  middle	  layer	  
comprises	  encoded	  and	  constructed	  activity.	  The	  outer	  layer	  represents	  student	  
change,	  and	  there	  are	  cognitive	  and	  behavioural	  components.	  There	  are	  four	  boxes	  
that	  overlap	  the	  inner	  two	  layers	  that	  influence	  student	  change,	  and	  this	  represents	  
‘student-­‐VP	  interaction’.	  
Figure	  15	  The	  virtual	  patient	  implementation	  model	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4.3.7. Practical	  Application	  of	  the	  model:	  an	  example	  
To	  apply	  the	  model,	  I	  present	  a	  situation	  where	  another	  medical	  school,	  which	  
already	  uses	  VP	  cases,	  wishes	  to	  integrate	  the	  VPs	  from	  this	  study	  into	  their	  
musculoskeletal	  block.	  The	  model	  suggests	  several	  things.	  The	  students	  in	  that	  
institution	  will	  have	  their	  own	  cognitive	  and	  behavioural	  preconditions	  shaped	  by	  a	  
number	  of	  things:	  knowledge,	  their	  exposure	  to	  MSK	  problems;	  and	  their	  behaviours	  
towards	  adopting	  e-­‐learning	  and	  VPs,	  the	  behavioural	  precondition.	  The	  school	  could	  
use	  this	  knowledge	  and	  experience	  to	  help	  predict	  how	  students	  would	  react	  to	  the	  
cases.	  This	  could	  be	  done	  by	  reviewing	  existing	  attitudes	  towards	  VPs,	  uptake	  in	  
other	  parts	  of	  the	  curriculum,	  and	  student	  evaluations	  of	  their	  e-­‐learning	  
programme.	  The	  directors	  could	  factor	  in	  the	  importance	  of	  the	  student	  experiences,	  
in	  terms	  of	  ‘future	  uptake’	  of	  the	  VPs.	  
	  
With	  regard	  to	  the	  VPs,	  the	  institution	  could	  use	  the	  model	  to	  consider	  the	  encoded	  
activity.	  The	  institution	  may	  wish	  to	  modify	  or	  adopt	  this,	  depending	  on	  how	  it	  fits	  
with	  the	  local,	  situational,	  cultural	  and	  medical	  context	  as	  to	  how	  MSK	  cases	  present	  
and	  are	  managed,	  noting	  the	  original	  purpose	  of	  the	  VPs.	  If	  the	  school	  wanted	  to	  
cover	  particular	  learning	  objectives,	  these	  could	  be	  considered	  within	  the	  context	  of	  
the	  existing	  encoded	  activity.	  
	  
For	  the	  constructed	  activity,	  the	  institution	  would	  need	  to	  consider	  what	  the	  cases	  
were	  used	  for	  and	  why,	  for	  example	  summative	  assessment,	  formative	  assessment.	  
This	  would	  perhaps	  influence	  the	  environment	  in	  which	  students	  were	  encouraged	  
to	  sit	  the	  cases.	  Logistical	  factors	  such	  as	  the	  number	  of	  computers	  in	  a	  teaching	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centre	  could	  also	  play	  a	  role	  here.	  The	  organisational	  approach	  to	  e-­‐learning	  
delivery,	  and	  assessment	  would	  help	  to	  anticipate	  and	  manage	  student	  expectation	  
of	  the	  VPs.	  For	  example	  if	  students	  would	  not	  expect	  an	  MSK	  case	  in	  an	  OSCE	  
examination,	  and	  have	  no	  summative	  assessment	  component	  in	  MSK,	  this	  will	  help	  
plan	  the	  resource	  delivery.	  	  
	  
The	  student-­‐VP	  interaction	  is	  individual	  to	  an	  individual	  student.	  The	  school	  must	  
acknowledge	  this,	  and	  perhaps	  if	  students	  do	  not	  wish	  to	  complete	  cases,	  or	  feel	  
strongly	  that	  they	  are	  not	  helpful,	  the	  school	  could	  plan	  other	  activities	  to	  help	  
manage	  these	  factors.	  	  
	  
4.4. Discussion	  
I	  have	  described	  an	  original	  GT	  research	  study	  in	  medical	  students	  completing	  VPs	  
that	  has	  resulted	  in	  the	  production	  of	  a	  theoretical	  model.	  The	  model	  I	  present	  is	  
original	  (Bateman	  et	  al.,	  2013),	  and	  addresses	  the	  original	  research	  question.	  I	  will	  
discuss	  the	  evidence	  supporting	  the	  practical	  and	  theoretical	  relevance	  to	  
academics,	  researchers,	  and	  individuals	  or	  institutions	  planning	  to	  deliver	  VP	  cases.	  	  I	  
will	  also	  discuss	  the	  limitations	  of	  research	  methods,	  within	  the	  context	  of	  existing	  
quality	  markers	  for	  GT	  research.	  
	  
At	  the	  most	  basic	  level	  this	  model	  explains	  how	  and	  why	  different	  design	  principles	  
in	  VPs	  influence	  a	  student	  learning	  experience.	  I	  do	  not	  present	  a	  simple	  “how	  to”	  
guide,	  but	  the	  model,	  grounded	  in	  the	  data,	  emphasises	  design	  as	  one	  factor	  in	  VP	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effectiveness.	  I	  highlight	  the	  importance	  of	  the	  students,	  encoded	  activity	  (what	  an	  
author	  puts	  into	  a	  VP)	  and	  constructed	  activity	  (how	  an	  institution	  uses	  a	  VP).	  I	  have	  
described	  six	  new	  phenomena	  that	  help	  provide	  a	  deeper	  understanding	  of	  how	  
students	  interact	  from	  VPs	  (Table	  8,	  p.103).	  An	  educator	  can	  review	  the	  encoded	  and	  
constructed	  activity	  of	  his	  or	  her	  own	  cases	  to	  help	  plan	  VP	  development.	  It	  is	  
possible	  the	  researchers	  may	  already	  be	  applying	  practices	  that	  reflect	  some	  of	  the	  
elements	  of	  the	  model.	  The	  model	  does	  not	  suggest	  critical	  design	  variables,	  but	  
requires	  judgement,	  (see	  Figure	  16a).	  It	  is	  possible	  to	  abstract	  desirable	  design	  
properties	  from	  the	  FG	  research,	  (see	  Figure	  16b).	  I	  present	  a	  list	  of	  ten	  important	  
design	  principles	  that	  emerged	  consistently	  as	  being	  important	  during	  the	  coding	  
process.	  Within	  the	  context	  of	  the	  model,	  this	  research	  therefore	  presents	  to	  
authors	  practical,	  straightforward	  advice	  that	  assists	  authoring	  of	  VPs.	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  Evaluate	  
during	  VP	  
post	  VP	  
assessment	  
Consider	  
student	  
preconditions	  
Consider	  
constructed	  
activity	  	   Consider	  encoded	  activity	  
Consider	  	  
learning	  
objectives	  
Figure	  16	  	  a.)	  Using	  the	  model	  to	  help	  plan	  teaching	  with	  VPs.	  (b)	  ten	  examples	  of	  encoded	  activity	  
(a)	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
(b)	  Ten	  examples	  of	  encoded	  activity	  that	  can	  be	  used	  for	  VP	  development.	  
1. Consider	  how	  e-­‐elements	  are	  used:	  e.g.	  limit	  ‘Scrolling’	  in	  nodes,	  text	  size,	  and	  text	  
amount	  per	  node.	  Use	  clear	  navigation	  strategies	  and	  signposting	  through	  the	  cases.	  	  
2. Be	  aware	  of	  complexity	  and	  error:	  this	  fractures	  the	  students	  learning	  experience,	  so	  
use	  branching	  strategies,	  and	  complex	  design	  features	  with	  caution.	  Branching	  
pathways	  did	  not	  emerge	  as	  particularly	  strong	  features	  during	  the	  case	  authoring.	  
3. Limit	  VP	  characters.	  Be	  aware	  that	  character	  numbers	  in	  the	  case	  may	  cause	  
comprehension	  problems,	  in	  our	  case	  the	  consensus	  was	  three	  characters.	  
4. Use	  pictures	  repeatedly	  to	  identify	  characters.	  Repetitive	  pictures	  of	  characters	  
helped	  students	  construct	  mental	  representations	  of	  the	  cases.	  	  
5. Adopt	  Key	  Feature	  Problems.	  The	  use	  of	  question	  materials	  validated	  to	  measure	  
clinical	  reasoning	  was	  felt	  to	  be	  authentic	  and	  helpful.	  This	  is	  also	  the	  case	  for	  
Bayesian	  reasoning	  questions.	  
6. Be	  aware	  of	  the	  impact	  of	  displaying	  a	  running	  score.	  Use	  of	  scoring	  systems	  and	  
visible	  score	  can	  have	  positive	  and	  negative	  effects	  in	  different	  students,	  if	  possible	  
give	  students	  a	  choice.	  	  
7. Embrace	  the	  authentic	  presentation	  of	  normality.	  This	  includes	  presenting	  realistic	  
blood	  results,	  and	  presenting	  the	  results	  of	  ‘normal’	  investigations	  authentically	  for	  
interpretation.	  	  
8. Use	  authentic	  feedback,	  although	  it	  may	  not	  be	  recognised.	  Students	  do	  see	  
feedback	  from	  VP	  characters	  as	  authentic,	  powerful,	  and	  memorable.	  Our	  students	  
did	  not	  describe	  this	  instruction	  as	  ‘feedback’.	  
9. Reassure	  students	  at	  the	  outset.	  Students	  need	  to	  understand	  the	  purpose	  of	  the	  
VPs,	  and	  that	  they	  may	  feel	  uncomfortable.	  They	  should	  be	  told	  individual	  decisions	  
will	  not	  result	  in	  missed	  learning	  experiences.	  	  
10. Integrate	  electronic	  evaluations	  using	  established	  items.	  	  
Established	  case	  evaluation	  forms	  can	  be	  done	  simply	  and	  at	  low	  cost.	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I	  have	  introduced	  the	  concept	  of	  a	  trade-­‐off	  in	  design	  possibilities.	  For	  example,	  the	  
benefits	  of	  a	  realistic	  and	  authentic	  case	  may	  cause	  a	  series	  of	  problems.	  Students	  
do	  not	  appear	  to	  recognise	  feedback	  when	  it	  occurs	  authentically	  in	  the	  case	  (for	  
example	  being	  corrected	  by	  a	  virtual	  physician).	  We	  coded	  this	  as	  the	  ‘invisible	  
elephant’,	  where	  feedback	  from	  clinicians	  debating	  cases	  with	  trainees	  was	  not	  seen	  
explicitly	  as	  ‘feedback’.	  This	  may	  lower	  the	  ‘skipping	  threshold’,	  or	  result	  in	  students	  
becoming	  ‘bogged	  down’	  in	  the	  detail.	  	  
	  
In	  terms	  of	  lessons	  for	  other	  instructional	  design	  elements,	  students	  did	  make	  
specific	  comments	  about	  the	  KFP,	  Key	  Feature	  Problems	  (Page	  et	  al.,	  1995),	  see	  
Table	  6,	  page	  99,	  ‘decision	  flux’.	  Bayesian	  Reasoning	  questions	  were	  helpful	  (see	  
quote	  below).	  	  
	  
Students	  reaction	  to	  KFPs	  in	  the	  case	  is	  helpful,	  it	  supports	  their	  use	  in	  VPs,	  they	  are	  
one	  of	  the	  few	  validated	  measurements	  of	  clinical	  reasoning	  skills	  (Schuwirth,	  2009),	  
the	  skills	  VPs	  are	  supposed	  to	  teach.	  Use	  of	  the	  assessment	  elements	  is	  also	  
interesting.	  In	  Figure	  16b	  I	  point	  out	  that	  the	  use	  of	  real	  time	  scoring	  and	  assessment	  
in	  the	  cases,	  whilst	  accepted	  to	  drive	  learning	  (Newble	  and	  Jaeger,	  1983),	  can	  have	  
DA:	  “My	  best	  sort	  of	  my	  best	  feature	  about	  it	  was	  the	  fact	  that	  it	  was	  a	  really	  
good	  teaching	  tool,	  the	  boxes	  like	  well	  explained	  the	  teaching,	  so	  the	  bit	  about	  the	  
90%	  sensitivity	  and	  the	  90%	  specificity,	  even	  though	  I	  knew	  what	  they	  meant	  I	  
realised	  that	  actually	  to	  understand	  how	  you	  can	  work	  out	  how	  to	  get	  it	  from	  the	  
population,	  the	  first	  time	  I	  was	  asked	  the	  question	  I	  had	  completely	  just	  guessed,	  
when	  I	  went	  through	  the	  feedback	  and	  learnt	  how	  it	  was	  done,	  and	  the	  next	  
question	  I	  was	  able	  to	  get	  it	  right	  and	  I	  think	  that	  went	  really	  well”	  	  
Focus	  group	  5,	  year	  2	  student	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negative	  effects	  for	  the	  learning	  experience	  of	  some	  students.	  I	  describe	  this	  as	  
‘points	  on	  the	  board’,	  a	  category	  of	  mental	  case	  fracturing.	  	  
	  
4.5. Originality	  and	  Innovative	  potential	  of	  this	  work	  
This	  research	  has	  been	  recognised	  as	  an	  important	  step	  forward	  in	  the	  medical	  
literature.	  A	  commentary	  was	  published	  on	  this	  research	  publication	  (Bateman	  et	  al.,	  
2013),	  commissioned	  by	  Professor	  Kevin	  Eva.	  Titled	  ‘Research	  in	  the	  use	  of	  virtual	  
patients	  is	  moving	  forwards	  by	  zooming	  out’,	  Edelbring	  (2013)	  debates	  the	  impact	  of	  
the	  paper	  on	  the	  field.	  
“In	  this	  issue	  of	  Medical	  Education,	  Bateman	  et	  al.	  present	  a	  study	  of	  different	  
designs	  of	  computerised	  virtual	  patients…	  By	  clarifying	  these	  interactions	  
between	  students	  and	  VPs	  the	  study	  can	  be	  seen	  as	  belonging	  to	  an	  
important	  phase	  of	  development	  in	  which	  research	  on	  the	  use	  of	  VPs	  is	  
stepping	  forward…	  Bateman	  et	  al	  have	  rightly	  moved	  on	  to	  contribute	  
knowledge	  that	  will	  serve	  teachers	  and	  course	  designers	  in	  how	  best	  to	  design	  
and	  integrate	  VPs	  into	  education…	  This	  study	  by	  Bateman	  et	  al	  is	  certainly	  
timely	  and	  should	  inspire	  more	  research	  to	  fulfil	  the	  urgent	  need	  for	  
systematic	  knowledge	  on	  various	  designs	  of	  VP.”	  	  (Edelbring,	  2013)	  p.544	  
	  
This	  model	  has	  the	  potential	  to	  inform	  future	  research	  directions.	  In	  the	  
phenomenon	  skipping	  (Table	  8)	  I	  have	  shown	  disengagement	  between	  the	  student	  
and	  the	  VP.	  This	  represents	  a	  new,	  measurable	  phenomenon	  in	  VP	  research	  
(Bateman	  et	  al.,	  2012b),	  and	  is	  analogous	  to	  mind	  wandering	  (Smallwood	  et	  al.,	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2011).	  When	  skipping	  occurs,	  the	  model	  presented	  suggests	  it	  relates	  to	  a	  
combination	  of	  student	  preconditions,	  encoded	  activity,	  and	  constructed	  activity.	  
We	  have	  seen	  that	  it	  appears	  to	  occur	  commonly.	  As	  no	  benchmark	  as	  yet	  exists	  for	  
skipping,	  its	  definition	  and	  the	  spectrum	  of	  skipping	  could	  be	  identified	  in	  further	  
research.	  	  
	  
This	  research	  is	  innovative	  in	  two	  major	  areas.	  Firstly	  I	  have	  adopted	  a	  research	  
design	  that	  created	  bespoke	  cases,	  using	  the	  best	  available	  technology	  with	  the	  
explicit	  purpose	  of	  investigating	  the	  educational	  effects	  of	  the	  design	  variables	  I	  
chose.	  Technology	  including	  using	  computer	  assisted	  qualitative	  data	  analysis	  Nvivo	  
(QSR-­‐International-­‐Ltd.,	  2011)	  to	  interrogate	  and	  triangulate	  research	  findings	  
against	  time	  stamped	  electronic	  decision	  logs	  from	  the	  VP	  software	  I	  used	  
(DecisionSim-­‐LLC,	  2012).	  This	  to	  our	  knowledge	  is	  unprecedented	  in	  peer	  reviewed	  
qualitative	  and	  quantitative	  VP	  research.	  This	  triangulation	  has	  helped	  inform	  and	  
support	  both	  the	  phenomenon	  I	  describe	  and	  the	  validity	  of	  the	  findings.	  	  Secondly	  
in	  terms	  of	  the	  VPs,	  by	  clearly	  identifying	  and	  publishing	  open-­‐access	  XML	  cases	  of	  
this	  thesis,	  I	  potentially	  set	  a	  new	  standard	  in	  VP	  education	  research	  (Bateman	  et	  al.,	  
2013).	  Recent	  VP	  studies	  have	  not	  published	  either	  schematics	  (Figure	  9),	  case	  
information,	  or	  made	  research	  cases	  accessible	  to	  the	  healthcare	  professionals	  or	  to	  
subscribers	  in	  journals	  publishing	  the	  research	  (Taylor	  et	  al.,	  2011,	  Edelbring	  et	  al.,	  
2011,	  Botezatu	  et	  al.,	  2010a,	  Huwendiek	  et	  al.,	  2009b).	  None	  of	  these	  research	  
papers	  reference	  the	  MedBiquitous	  XML	  standard,	  a	  recent	  development	  I	  have	  
argued	  represents	  a	  paradigm	  shift	  in	  VP	  research	  (Bateman	  and	  Davies,	  2011).	  Such	  
publication	  opens	  avenues	  for	  scrutiny,	  criticism,	  and	  open	  peer	  review.	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4.5.1. Research	  Rigour	  
To	  maintain	  rigour	  I	  have	  adhered	  to	  four	  ‘quality	  markers’	  in	  GT	  (Bryant	  and	  
Charmaz,	  2007):	  credibility,	  originality,	  resonance	  and	  utility.	  This	  includes	  the	  use	  of	  
an	  externally	  peer	  reviewed	  research	  protocol	  which	  has	  been	  externally	  scrutinised	  
by	  a	  dedicated	  Education	  Research	  Committee.	  This	  work	  uses	  all	  the	  hallmarks	  of	  
GT:	  purposeful	  sampling,	  constant	  comparative	  analysis,	  conceptual	  memoing,	  open	  
and	  axial	  coding,	  saturation	  sampling,	  and	  the	  use	  of	  diagrams	  to	  help	  explain	  theory	  
(Corbin	  and	  Strauss,	  2008).	  I	  hold	  a	  digital	  audit	  trail,	  from	  audio	  recordings	  on	  file,	  
to	  transcriptions,	  to	  the	  CAQDAS.	  I	  have	  presented	  multiple	  quotations	  to	  support	  
this	  research.	  For	  example	  I	  am	  are	  not	  aware	  of	  any	  peer	  reviewed	  published	  
research	  in	  this	  field	  that	  (1)	  evaluates	  VPs	  expressly	  constructed	  to	  evaluate	  design	  
(2)	  allows	  other	  researchers	  with	  appropriate	  software	  to	  access	  the	  research	  cases	  
(3)	  evaluates	  students	  patterns	  of	  use	  inside	  the	  cases	  using	  data	  logs.	  	  I	  have	  
already	  described	  a	  clear	  acceptance	  of	  my	  own	  preconceptions	  and	  reflexivity	  as	  
described	  in	  my	  methodological	  considerations	  (Cresswell	  2007,	  Corbin	  and	  Strauss	  
2008,	  Malterud,	  2001,	  see	  Figure	  8,	  p.	  81).	  	  
	  
There	  are	  numerous	  other	  quality	  indicators	  in	  qualitative	  research	  that	  include	  
perspectives	  from	  grounded	  theorists	  (Birks	  and	  Mills,	  2011),	  critical	  appraisal	  of	  the	  
qualitative	  research	  (Malterud,	  2001,	  Kuper	  et	  al.,	  2008a),	  and	  its	  correlation	  with	  
the	  school	  of	  GT	  I	  study	  (Corbin	  and	  Strauss,	  20008).	  I	  argue	  this	  research	  has	  
credibility	  as	  it	  received	  research	  funding,	  and	  has	  resulted	  in	  peer-­‐reviewed	  
publications	  (see	  Error!	  Reference	  source	  not	  found.)	  and	  oral	  presentations	  at	  
national	  and	  international	  conferences.	  The	  open	  access	  publication	  makes	  the	  work	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accessible,	  and	  available	  to	  all	  authors	  and	  researchers.	  To	  this	  extent	  this	  work	  
therefore	  addresses	  credibility,	  originality,	  resonance	  with	  researchers,	  and	  utility	  
suggested	  to	  evaluate	  GT	  studies	  (Charmaz,	  2006).	  I	  have	  not	  validated	  the	  model	  
that	  I	  have	  produced.	  This	  project	  was	  not	  designed	  to	  validate	  the	  model	  presented	  
here,	  but	  was	  a	  hypothesis	  generating	  process	  to	  build	  educational	  theory	  
supporting	  the	  development	  of	  VPs.	  
	  
4.5.2. Comparison	  with	  existing	  research	  	  
This	  model	  builds	  on	  existing	  research	  on	  VP	  design	  principles	  (Cook	  et	  al.,	  2010,	  
Berman	  et	  al.,	  2009),	  practical	  authoring	  advice	  (Posel	  et	  al.,	  2009),	  curricular	  
integration	  (Berman	  et	  al.,	  2009),	  theoretical	  principles	  behind	  VPs	  (Ellaway	  and	  
Davies,	  2011),	  the	  role	  of	  the	  environment	  (Edelbring	  et	  al.,	  2011),	  and	  cultural	  
challenges	  for	  sharing	  cases	  between	  institutions	  (Fors	  et	  al.,	  2009).	  The	  findings	  
support,	  and	  add	  to,	  ten	  general	  authoring	  recommendations	  produced	  from	  a	  
thematic	  analysis	  of	  VPs	  in	  focus	  groups	  (Botezatu	  et	  al.,	  2010a),	  and	  provides	  a	  
framework	  within	  which	  any	  recommendation	  (for	  example	  making	  a	  case	  authentic)	  
can	  be	  considered	  within	  our	  model.	  
	  
In	  terms	  of	  the	  medical	  education	  literature,	  this	  model	  does	  broadly	  fit	  with	  
established	  models	  of	  e-­‐learning	  practice	  discussed	  earlier	  (see	  Section	  1.4,	  ‘VPs	  in	  
the	  e-­‐learning	  and	  wider	  educational	  literature’,	  p.51).	  Sara	  Kim	  and	  Colleagues	  
(2006)	  reviewed	  100	  research	  papers,	  of	  which	  40	  were	  from	  the	  medical	  field	  which	  
identified	  five	  core	  attributes	  of	  case	  based	  learning:	  relevant;	  realistic;	  engaging;	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challenging,	  and	  instructional.	  There	  were	  17	  individual	  components,	  some	  of	  which	  
fit	  with	  the	  findings	  of	  our	  research	  such	  as	  the	  ‘level	  of	  the	  learner’.	  Our	  model	  
embraces	  collaborative,	  shared	  resources	  accepting	  that	  a	  VP	  may	  have	  been	  
developed	  by	  a	  different	  professional	  in	  a	  different	  context,	  but	  can	  be	  used	  and	  
modified.	  This	  builds	  on	  the	  traditional	  model	  described	  by	  Kim	  et	  al.	  (2006)	  which	  
described	  literature	  in	  which	  case	  based	  learning	  was	  typically	  used	  to	  produce	  
bespoke	  resources	  for	  a	  single	  institution,	  which	  were	  not	  shared.	  They	  may	  not	  be	  
applicable	  to	  case	  based	  learning,	  for	  example	  Kim	  and	  colleagues	  (2006)	  reference	  a	  
paper	  relating	  to	  teaching	  veterinary	  histology	  (Eurell	  et	  al.,	  1999).	  Kim	  and	  
colleagues	  also	  suggest	  branching	  is	  desirable,	  however	  the	  evidence	  cited	  for	  this	  is	  
weak:	  there	  is	  no	  reference	  made	  to	  branching	  in	  the	  paper	  Kim	  and	  colleagues	  cite	  
(Lechner	  et	  al.,	  2001).	  Our	  descriptions	  of	  branching	  cases	  in	  VP	  design	  draw	  on	  the	  
work	  in	  VP	  typologies	  by	  Huwendiek	  (2009a)	  and	  describe	  the	  uncertainties	  that	  may	  
be	  associated	  with	  free	  movement	  through	  a	  case.	  Rather	  than	  suggest	  branching	  is	  
good,	  or	  bad,	  it	  suggests	  that	  like	  everything	  else	  in	  this	  model	  the	  author	  needs	  to	  
consider	  the	  reasons	  for	  using	  it.	  Kim	  and	  colleagues	  also	  commented	  on	  the	  
problems	  of	  evaluating	  case	  based	  learning,	  stating:	  “None	  of	  the	  studies	  we	  
reviewed	  used	  a	  validated	  measure,	  such	  as	  the	  California	  Critical	  Thinking	  Skills	  
Test”.	  Even	  the	  CCTST	  itself	  has	  problems	  with	  reliability	  and	  has	  been	  suggested	  to	  
have	  limited	  validity	  in	  nursing	  students	  (Bondy	  et	  al.,	  2001),	  with	  again	  limited	  
construct	  validity	  existing	  for	  similar	  surveys	  (Huhn	  et	  al.,	  2011).	  	  
	  
Salas	  and	  colleagues	  (2005)	  provides	  a	  list	  of	  desirable	  factors	  relating	  to	  simulation	  
based	  training	  many	  of	  which	  are	  applicable	  to	  the	  model,	  for	  example:	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understanding	  training	  needs	  (student	  preconditions),	  instructional	  features	  
including	  performance	  measurement	  (encoded	  activity),	  embedding	  feedback	  in	  the	  
simulation	  (encoded	  activity	  :	  pedagogic	  properties).	  The	  model	  also	  highlights	  the	  
relationships	  between	  the	  encoded	  and	  constructed	  activity.	  This	  reflects	  the	  
literature	  from	  Salas	  et	  al.	  (2005)	  that	  there	  must	  be	  collaboration	  and	  cooperation	  
between	  subject	  matter	  experts,	  educationalists	  and	  the	  institution,	  for	  simulation	  
based	  technologies	  to	  be	  helpful.	  This	  work	  may	  be	  used	  by	  experts	  in	  instructional	  
design	  to	  further	  refine	  VP	  development	  and	  promote	  further	  research	  that	  has	  
been	  advocated	  in	  VPs	  (Posel	  et	  al.,	  2009),	  and	  successfully	  applied	  to	  some	  basic	  
science	  education	  (Shachak	  et	  al.,	  2005).	  
	  
Students	  consistently	  commented	  on	  the	  importance	  of	  feedback	  of	  reinforcing	  that	  
they	  were	  not	  ‘getting	  lost’	  inside	  the	  case,	  and	  reducing	  emotional	  discomfort.	  
These	  findings	  are	  consistent	  with	  the	  medical	  education	  literature	  supporting	  that	  
feedback	  as	  being	  the	  single	  most	  important	  feature	  in	  the	  success	  of	  high	  fidelity	  
simulation	  (Issenberg	  et	  al.,	  2005,	  Salas	  et	  al.,	  2005).	  	  
4.5.3. Virtual	  Patients	  as	  vehicles	  for	  future	  research	  	  
This	  research	  into	  how	  students	  interact	  with	  VPs	  may	  be	  relevant	  to	  other	  research	  
fields,	  such	  as	  those	  investigating	  mind	  wandering	  and	  the	  hidden	  curriculum.	  I	  
described	  mind	  wandering	  in	  Section	  1.5.2	  (p.55),	  and	  how	  descriptions	  of	  skipping	  
are	  analogous	  with	  task-­‐unrelated	  thoughts	  (Smallwood	  et	  al.,	  2011,	  Bateman	  et	  al.,	  
2012b).	  Our	  observations	  are	  in	  keeping	  with	  expert	  opinion	  on	  how	  these	  features	  
may	  impact	  on	  how	  practicing	  physicians	  think,	  and	  make	  errors.	  Sources	  of	  error	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and	  cognitive	  bias	  are	  topical	  research	  areas.	  Students	  did	  consider	  the	  cases	  to	  be	  a	  
new	  and	  novel	  teaching	  approach	  that	  would	  drive	  further	  learning	  and	  
development,	  and	  future	  uptake	  of	  cases.	  	  The	  fact	  the	  VPs	  were	  seen	  as	  partly	  
assessment	  cases	  may	  lead	  to	  pre-­‐VP	  learning	  effects	  (Cilliers	  et	  al.,	  2012)	  as	  
students	  prepare	  for	  completing	  a	  comprehensive	  assessment	  of	  topic	  knowledge.	  	  
	  
The	  descriptions	  from	  our	  students	  indicate	  that	  one	  of	  the	  strengths	  of	  VPs	  may	  be	  
their	  ability	  to	  address	  the	  ‘hidden	  curriculum’	  a	  set	  of	  professional	  attributes	  
described	  by	  as	  (Hafferty,	  1998)	  as	  follows:	  
	  
“Not	  all	  of	  what	  is	  taught	  during	  medical	  training	  is	  captured	  in	  course	  
catalogues,	  class	  syllabi….	  Indeed,	  a	  great	  deal	  of	  what	  is	  taught-­‐	  and	  most	  of	  
what	  is	  learned-­‐	  in	  medical	  school	  takes	  place	  not	  within	  formal	  course	  
offerings	  but	  within	  medicine’s	  ‘hidden	  curriculum’.”	  (Hafferty,	  1998)	  
	  
Our	  students	  reported	  features	  consistent	  with	  nine	  hidden	  curriculum	  themes	  from	  
a	  thematic	  analysis	  of	  US	  medical	  undergraduates	  (Gaufberg	  et	  al.,	  2010)	  in	  
particular	  a	  power	  hierarchy,	  patient	  dehumanisation.	  For	  example	  Gaufberg	  and	  
colleagues	  identified	  a	  power	  hierarchy	  as	  important.	  So	  did	  our	  students	  as	  
evidenced	  by	  the	  following	  quotation.	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The	  power	  hierarchy	  seemed	  to	  have	  some	  gender	  effects,	  with	  students	  seeing	  the	  
image	  of	  a	  more	  elderly	  male	  consultant	  daunting,	  and	  this	  engendered	  certain	  
emotional	  responses	  such	  as	  fear	  (student	  VP	  interaction).	  	  
	  
	  
The	  patient	  de-­‐humanisation	  described	  by	  Gaufberg	  and	  colleagues	  (2010)	  was	  
exhibited	  by	  students	  (e-­‐relationships,	  see	  quote	  in	  Table	  8,	  page	  103),	  as	  did	  a	  
perceived	  hidden	  assessment	  of	  performance	  in	  their	  interactions	  with	  VPs	  (see	  
hidden	  agenda,	  Table	  8,	  page	  103).	  I	  suggest	  that	  elements	  of	  the	  hidden	  curriculum	  
may	  explain	  why	  some	  students	  link	  particular	  emotions	  with	  being	  corrected,	  for	  
example	  embarrassment	  at	  being	  corrected	  by	  the	  senior	  team	  member,	  even	  in	  an	  
electronic	  case.	  	  
	  
	  
Potential	  future	  directions	  for	  qualitative	  research	  in	  VPs	  do	  include	  a	  comparison	  of	  
our	  work	  with	  existing	  theories	  of	  experiential	  learning	  (Kolb,	  1984).	  In	  this	  seminal	  
work,	  concrete	  experience	  is	  followed	  by	  reflective	  observation,	  abstract	  
AP:	  “The	  second	  case	  was	  a	  bit	  more	  discomforting….	  And	  that	  was	  slightly	  
enhanced	  by	  the	  fact	  that	  the	  face	  for	  the	  second	  one,	  was	  a	  man,	  silhouetted	  
against	  the	  sky,	  intimidating…	  whereas…one	  was	  female,	  maybe	  a	  little	  more	  
friendly,	  so	  the	  overall	  effect	  of	  it	  was	  a	  little	  more	  scary”	  
	   	   FG5,	  Year	  2	  students	  
HD.	  “Mr	  Foster	  [the	  consultant]	  didn’t	  really	  tell	  you	  what	  he	  would	  have	  done,	  it	  
was	  the	  GP	  that	  said,	  oh	  yeah	  that	  would	  be	  what	  I	  would	  have	  done.”	  
CB.	  “Consultants	  don’t	  give	  out	  praise.”	  	  
	  FG2,	  year	  four	  students	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conceptualisation,	  and	  active	  experimentation.	  Learning	  can	  only	  occur	  through	  
realistic	  experiences	  and	  reflection.	  Fowler	  (2008)	  describes	  three	  processes	  by	  
which	  learning	  can	  be	  facilitated:	  a	  deliberate	  intervention	  by	  the	  teacher,	  a	  
deliberate	  action	  by	  the	  student,	  or	  the	  random	  involvement	  of	  a	  third	  party.	  The	  
theory	  of	  experiential	  learning	  suggests	  the	  concrete	  experiences	  of	  the	  students	  
must	  be	  authentic.	  The	  methods	  for	  promoting	  the	  best	  forms	  of	  reflection	  are	  yet	  
to	  be	  established	  in	  VPs.	  My	  model	  appears	  to	  identify	  barriers	  to	  learning,	  which	  
include	  organisational	  factors,	  and	  pedagogic	  factors.	  For	  example	  when	  students	  
feel	  that	  they	  do	  not	  need	  to	  know	  something,	  promotion	  of	  reflection	  may	  help.	  I	  
suggest	  that	  the	  already	  established	  evidence	  supporting	  the	  integration	  of	  VPs	  
(Berman	  et	  al.,	  2009)	  may	  in	  part	  relate	  to	  resource	  allocation	  for	  VPs,	  allowing	  VPs	  
to	  experience	  the	  cases	  authentically.	  I	  conclude	  this	  section	  by	  giving	  an	  example	  of	  
two	  students	  describing	  the	  pressures	  and	  time	  stresses	  felt	  from	  scores	  and	  timings	  
used	  in	  the	  cases,	  with	  a	  description	  of	  moving	  on	  without	  reflection	  on	  the	  
decisions	  made.	  
	  
	  
CB:	  “I	  think	  if	  it	  was	  done	  in	  your	  own	  time,	  so	  you	  didn’t	  feel	  kind	  of	  time	  
pressured	  to	  keep	  moving	  on,	  not	  that	  it	  was	  too	  short	  a	  time	  or	  anything	  like	  
that,	  if	  you	  can	  omit	  it	  you	  will	  omit	  it	  and	  just	  move	  on	  for	  the	  next	  thing…	  
…if	  It	  didn’t	  feel	  kind	  of	  like	  of	  a	  test,	  and	  it	  wasn’t	  being	  judged	  against	  other	  
people,	  maybe	  I	  might	  have	  taken	  more	  time	  to	  use	  it	  as	  a	  learning	  tool,	  and	  
think	  what	  could	  I	  use	  here,	  and	  what	  could	  I	  not	  use	  here.”	  
	  
AL:	  “So	  I	  have	  a	  different	  experience	  from	  you,	  again	  because	  I	  didn’t	  look	  at	  
the	  score.”	  
	   Focus	  group	  2,	  Year	  four	  students.	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This	  model	  can	  potentially	  investigate	  these	  factors	  in	  more	  detail.	  Research	  from	  
the	  psychology	  literature	  may	  also	  be	  helpful	  in	  understanding	  planning	  and	  applying	  
this	  model.	  The	  emotions	  described	  by	  students	  and	  subsequent	  VP	  interactions	  
could	  be	  considered	  within	  the	  framework	  of	  Vygotsky’s	  ‘Zone	  of	  Proximal	  
Development’	  (ZPD)	  that	  has	  been	  applied	  to	  medical	  simulation	  technologies	  
(Kneebone	  et	  al.,	  2004).	  The	  ZPD	  categorises	  tasks	  that	  can	  be	  performed	  unaided,	  
tasks	  that	  can	  be	  performed	  with	  guidance	  (ZPD),	  and	  tasks	  students	  cannot	  
perform.	  
4.5.4. Limitations	  
The	  limitations	  in	  this	  research	  relate	  to	  the	  cases	  used,	  the	  GT	  methodology,	  and	  
the	  study	  design.	  
	  
There	  were	  some	  design	  features	  that	  I	  did	  not	  study.	  These	  include	  the	  use	  of	  
natural	  language	  text	  entry,	  the	  use	  of	  video,	  and	  audio	  in	  the	  cases.	  Natural	  
language	  entry	  has	  been	  used	  by	  some	  researchers	  (Huwendiek	  et	  al.,	  2009b),	  but	  
this	  is	  not	  supported	  by	  current	  open	  standards	  (MedBiquitous	  Virtual	  Patient	  
Working	  Group,	  2010)	  or	  by	  commercial	  and	  open	  source	  VP	  software	  (DecisionSim-­‐
LLC,	  2012,	  Begg,	  2010).	  The	  software	  I	  used	  may	  present	  some	  effects	  that	  relate	  to	  
the	  interface.	  We	  did	  not	  use	  some	  approaches	  that	  have	  been	  adopted	  to	  teach	  
clinical	  reasoning	  such	  as	  the	  ‘think	  aloud	  technique’	  (Lee	  and	  Ryan-­‐Wenger,	  1997,	  
Banning,	  2008).	  This	  approach	  uses	  principles	  of	  metacognition,	  where	  students	  are	  
encouraged	  to	  consciously	  verbalise	  thoughts	  as	  they	  progress	  through	  a	  case.	  
Metacognition	  is	  essential	  to	  the	  more	  contemporary	  models	  of	  clinical	  reasoning	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(Croskerry,	  2009a),	  which	  divide	  automatic	  from	  conscious	  clinical	  reasoning	  
approaches,	  each	  with	  its	  own	  pitfalls.	  Students	  worked	  through	  these	  cases	  as	  
individuals.	  I	  did	  not	  explore	  VPs	  used	  to	  teach	  groups	  (Posel	  et	  al.,	  2009)	  and	  there	  
were	  no	  other	  elearning	  resources	  included	  alongside	  the	  VPs	  that	  would	  be	  
supported	  by	  general	  elearning	  practice	  (Jonassen	  et	  al.,	  2005).	  VPs	  are	  intended	  to	  
promote	  clinical	  reasoning	  skills	  most	  commonly	  for	  individual	  decision	  making;	  
whilst	  potentially	  a	  limitation,	  this	  has	  been	  suggested	  as	  a	  focus	  to	  improve	  
undergraduate	  preparation	  for	  postgraduate	  working	  experiences	  (Connick	  et	  al.,	  
2009).	  My	  cases	  are	  intended	  to	  replicate	  realistic	  clinical	  practice,	  but	  I	  did	  
encourage	  students	  to	  complete	  the	  VPs	  using	  a	  ‘closed	  book’	  assessment	  approach,	  
that	  is	  not	  encouraging	  use	  of	  other	  resources.	  However,	  I	  did	  not	  enforce	  this.	  
Access	  to	  additional	  resources	  in	  itself	  has	  been	  shown	  to	  influence	  how	  students	  
utilise	  these	  sorts	  of	  teaching	  resources	  (Heijne-­‐Penninga	  et	  al.,	  2008).	  
	  
This	  research	  has	  been	  conducted	  in	  one	  institution	  in	  the	  UK.	  The	  population	  of	  this	  
institution,	  graduate	  entry	  medical	  students,	  may	  in	  itself	  be	  an	  important	  factor.	  
Emerging	  research	  suggests	  these	  students	  do	  not	  overall	  differ	  in	  performance	  with	  
respect	  to	  age	  gender	  or	  academic	  background	  (Finucane	  et	  al.,	  2013).	  The	  fact	  that	  
our	  students	  were	  the	  subjects	  of	  an	  intervention	  raises	  the	  possibility	  of	  observer	  
effects	  (Holden,	  2001).	  Our	  100%	  completion	  rate	  for	  the	  research	  would	  support	  an	  
observer	  effect.	  The	  fact	  our	  students	  were	  volunteers	  may	  itself	  not	  be	  
representative	  of	  the	  wider	  population,	  and	  the	  research	  subject	  to	  a	  volunteer	  bias	  
(Callahan	  et	  al.,	  2007).	  The	  findings	  and	  model	  do	  not	  present	  a	  simple	  ‘how	  to’	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guide,	  nor	  do	  they	  represent	  a	  gold	  standard	  for	  VP	  research	  in	  the	  future.	  The	  
original	  call	  in	  the	  literature	  from	  Cook	  and	  colleagues	  (2009)	  was	  	  
“Virtual	  patients	  are	  likely	  to	  play	  an	  increasing	  role	  in	  medical	  education	  in	  
coming	  years.	  However,	  their	  effective	  use	  requires	  evidence	  to	  guide	  design	  
and	  integration.	  This	  evidence	  base	  is	  currently	  virtually	  non-­‐existent…	  We	  
call	  upon	  these	  experts	  to	  transform	  this”.	  	  
This	  qualitative	  research	  does	  not	  transform	  the	  field,	  but	  perhaps	  describes	  the	  
context	  of	  the	  field.	  Rather	  than	  providing	  a	  map,	  the	  model	  provides	  a	  compass	  to	  
navigate	  VP	  design	  and	  delivery.	  	  
	  
4.5.5. The	  limitations	  related	  to	  GT	  
Several	  schools	  of	  GT	  exist,	  and	  depending	  on	  the	  school	  adopted	  (Watling	  and	  
Lingard,	  2012),	  methodological	  criticisms	  to	  any	  application	  of	  other	  schools	  can	  be	  
applied.	  I	  state	  my	  original	  epistemological	  stance,	  however	  this	  is	  controversial	  in	  
GT.	  Much	  of	  the	  criticism	  of	  Corbin’s	  GT	  reflects	  the	  positivist	  origins	  in	  the	  late	  
1960’s.	  This	  is	  well	  described	  and	  debated	  by	  leading	  texts	  on	  qualitative	  and	  GT	  
research	  theory	  (Denzin	  and	  Lincoln,	  2011,	  Bryant	  and	  Charmaz,	  2007).	  As	  different	  
schools	  of	  GT	  exist,	  Charmaz	  (2007)	  herself	  levels	  criticism	  of	  Corbin	  for	  avoiding	  a	  
stated	  epistemological	  stance.	  Juliet	  Corbin	  has	  explicitly	  avoided	  a	  prescribed	  
‘epistemological	  stance’	  for	  her	  work	  on	  GT.	  To	  quote	  her	  (2008)	  book:	  
	  
	  “I	  do	  not	  have	  a	  simple	  term	  to	  describe	  the	  method	  presented	  here”	  (Corbin	  
and	  Strauss,	  2008)	  p.7	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These	  challenges	  are	  faced	  by	  respected	  educational	  researchers	  working	  in	  the	  field	  
of	  GT.	  For	  example	  Professor	  Glen	  Regehr,	  an	  editor	  of	  Advances	  in	  Health	  Sciences	  
Education	  (in	  Bannister	  et	  al.,	  2003)	  and	  CP	  van	  der	  Vleuten	  (in	  Teunissen	  et	  al.,	  
2007b)	  do	  not	  state	  an	  epistomolgical	  stance	  in	  their	  GT	  research.	  I	  share	  the	  view	  of	  
Corbin	  that	  GT	  was	  developed	  with	  positivist	  and	  post-­‐positivist	  roots,	  but	  does	  have	  
constructivist	  elements.	  I	  also	  acknowledge	  that	  whilst	  perhaps	  the	  most	  widely	  
used	  school	  of	  GT,	  it	  has	  been	  criticised.	  Corbin	  has	  been	  previously	  labelled	  as	  
having	  a	  ‘post-­‐positivist	  stance’	  (Kennedy	  and	  Lingard,	  2006),	  as	  displaying	  ‘hints	  of	  
constructivism	  (Watling	  and	  Lingard,	  2012),	  but	  herself	  states:	  
	  
“I	  realise	  there	  is	  no	  one	  “reality”	  out	  there	  waiting	  to	  be	  discovered…	  I	  agree	  
with	  the	  constructivist	  viewpoint	  that	  concepts	  and	  theories	  are	  constructed	  
by	  researchers.”	  (Corbin	  and	  Strauss,	  2008)	  p.20	  	  	  
	  
These	  arguments	  seem	  likely	  to	  continue	  in	  the	  literature.	  	  
	  
In	  terms	  of	  the	  analysis,	  the	  emergent	  core	  phenomenon,	  “learning	  from	  the	  VP”	  
cannot	  be	  described	  as	  ground	  breaking	  or	  exciting.	  However,	  this	  central	  
phenomenon	  was	  not	  predetermined.	  For	  example,	  equally	  the	  focus	  of	  this	  
research	  could	  be	  the	  ‘assessment’,	  ‘professional	  development’,	  ‘new	  skills’	  or	  
‘appraisal’.	  Any	  of	  these	  could	  form	  the	  core	  phenomenon.	  The	  central	  phenomenon	  
‘Learning	  from	  the	  VP’	  is	  neither	  dramatic	  nor	  groundbreaking,	  however	  it	  has	  
emerged	  from	  the	  data	  analysis.	  By	  making	  the	  questioning	  route	  available	  in	  the	  
public	  domain	  for	  external	  research	  scrutiny,	  I	  feel	  this	  supports	  my	  coding	  approach	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(Bateman	  et	  al.	  2013).	  The	  use	  of	  multiple	  and	  potentially	  confusing	  titles	  such	  as	  ‘e-­‐
relationships’	  have	  been	  subject	  to	  multiple	  revisions,	  through	  an	  iterative	  process.	  
There	  are	  however	  many	  codes,	  and	  inevitably	  this	  is	  a	  potential	  source	  of	  confusion.	  
The	  use	  of	  electronic	  data	  logs,	  and	  CAQDAS	  could	  also	  be	  criticised	  in	  a	  GT	  study	  as	  
losing	  focus	  of	  being	  grounded	  in	  the	  research.	  I	  assert	  the	  additional	  data	  has	  
helped	  us	  to	  understand	  and	  explain	  ‘what	  is	  going	  on’-­‐	  an	  approach	  supported	  by	  
Corbin	  (2008):	  
	  
“I	  want	  to	  emphasize	  that	  the	  techniques	  and	  procedures	  are	  tools,	  not	  
directives.	  No	  researcher	  should	  become	  so	  obsessed	  with	  following	  a	  set	  of	  
coding	  procedures	  that	  the	  fluid	  and	  dynamic	  nature	  of	  qualitative	  analysis	  is	  
lost.	  The	  qualitative	  process	  should	  be	  relaxed,	  flexible	  and	  driven	  by	  insight	  
gained	  through	  interaction	  with	  data.”	  	  (Corbin	  and	  Strauss,	  2008)	  p.27	  	  	  
	  
Corbin	  goes	  on	  to	  explain	  her	  own	  willingness	  to	  include	  and	  collect	  multiple	  forms	  
of	  data,	  using	  triangulation:	  
	  	  
“In	  any	  study	  the	  researcher	  can	  use	  any	  one	  of	  these	  alone	  or	  in	  
combination…the	  desire	  to	  triangulate	  or	  obtain	  various	  types	  of	  data	  on	  the	  
same	  problem…	  for	  the	  purposes	  of	  verifying	  or	  adding	  another	  source	  of	  
data”	  (Corbin	  and	  Strauss,	  2008)	  p.28	  
	  
Equally	  importantly,	  I	  have	  not	  presented	  quantitative	  results	  of	  student	  evaluations	  
or	  patterns	  of	  use.	  These	  data	  are	  included	  to	  provide	  an	  alternative	  source	  of	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information	  to	  help	  understand	  individual	  student	  experiences	  (see	  figure	  1),	  not	  to	  
provide	  statistical	  data,	  which	  is	  the	  objective	  of	  the	  quantitative	  component	  
described	  later	  in	  this	  thesis.	  Statistical	  analysis	  via	  aggregation	  of	  these	  data	  for	  
quantitative	  analysis	  was	  not	  planned	  in	  our	  protocol,	  or	  appropriately	  powered.	  The	  
two	  VPs	  developed	  use	  heterogeneous	  design	  variables,	  and	  students	  have	  been	  
allocated	  cases	  using	  purposeful	  saturation	  sampling.	  This	  renders	  aggregation	  of	  
these	  data	  for	  statistical	  analysis	  redundant.	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4.6. Conclusion	  
	  
This	  qualitative	  component	  has	  achieved	  the	  original	  aims	  of	  the	  study,	  	  to	  the	  
extent	  that	  I	  have	  produced	  a	  model	  to	  explain	  the	  impact	  of	  VP	  design	  on	  student	  
experiences,	  which	  makes	  a	  unique	  contribution	  to	  knowledge	  of	  VP	  authoring	  
(Bateman	  et	  al.	  2013).	  This	  research	  has	  been	  the	  subject	  of	  positive	  research	  
commentary	  from	  other	  experts	  in	  the	  field	  (Edelbring,	  2013),	  and	  the	  subject	  of	  a	  
one	  page	  research	  digest	  summary	  in	  the	  journal	  The	  Clinical	  Teacher	  (2013).	  	  
	  
I	  have	  presented	  a	  summary	  of	  the	  principle	  research	  
findings	  in	  Figure	  17.	  This	  research	  shows	  that	  
students,	  authors	  and	  organisations	  are	  central	  to	  
the	  process	  of	  VP	  design	  and	  delivery.	  Our	  data	  
suggest	  that	  no	  single	  VP	  design	  exists	  to	  promote	  
learning	  for	  all	  medical	  trainees.	  On	  the	  contrary,	  the	  
student,	  and	  organisational	  factors	  are	  equally	  
important	  when	  authoring	  VP	  cases.	  Whilst	  I	  
acknowledge	  the	  inevitable	  limitations	  associated	  
with	  this	  research,	  I	  argue	  this	  research	  informs	  VP	  
design,	  development,	  and	  collaboration.	  
Figure	  17	  Principle	  research	  findings	  	  
from	  the	  qualitative	  research	  
What	  was	  already	  known	  on	  this	  topic	  
• VPs	  are	  effective	  learning	  tools	  
• There	  are	  numerous	  VP	  design	  typologies	  
• It	  is	  not	  clear	  how	  VP	  design	  influences	  the	  
experiences	  of	  students	  
What	  this	  research	  adds	  
• This	  GT	  research	  has	  produced	  a	  model	  to	  
help	  understand	  how	  students	  interact	  with	  
VPs	  
• Encoded	  activity	  describes	  how	  an	  author	  
develops	  a	  case,	  constructed	  activity	  refers	  
to	  how	  an	  institution	  delivers	  a	  VP.	  	  
• Student	  interactions	  with	  cases	  depends	  
upon	  their	  prior	  experiences,	  encoded	  and	  
constructed	  activity	  
• VP	  design	  elements	  such	  as	  branching	  
appear	  to	  have	  both	  positive	  and	  negative	  
effects	  in	  different	  students,	  with	  no	  single	  
design	  emerging	  as	  best	  by	  consensus	  
• Students	  may	  engage	  in	  a	  number	  of	  
behaviours	  that	  are	  likely	  to	  be	  detrimental	  
to	  learning,	  that	  are	  measurable	  
• Further	  quantitative	  research	  may	  be	  able	  
to	  define	  the	  benefit	  of	  particular	  design	  
variables	  in	  VPs	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Section	  5. VP	  authoring	  for	  Quantitative	  research	  study	  
The	  findings	  from	  the	  qualitative	  research	  support	  the	  notion	  that	  	  different	  VP	  
design	  properties	  potentially	  have	  an	  impact	  on	  students	  completing	  VP	  cases,	  in	  
terms	  of	  engagement,	  performance,	  and	  learning.	  The	  original	  plan	  for	  the	  research	  
highlighted	  in	  Section	  2	  was	  for	  a	  quantitative	  research	  design	  to	  explore	  two	  
important	  design	  variables.	  This	  section	  describes	  the	  authoring	  process	  to	  create	  
cases	  for	  the	  second	  quantitative	  research	  component.	  I	  describe	  the	  choice	  of	  the	  
two	  independent	  variables	  for	  the	  research,	  and	  how	  they	  are	  used	  to	  create	  
different	  versions	  of	  four	  core	  musculoskeletal	  cases.	  This	  is	  supported	  by	  
schematics	  showing	  the	  different	  case	  typologies.	  I	  also	  describe	  how	  I	  standardise	  
other	  elements	  of	  case	  design,	  presenting	  an	  authoring	  template	  for	  the	  research	  
cases.	  	  	  
5.1. The	  2x2	  quantitative	  design	  in	  four	  MSK	  topics	  
For	  the	  second	  phase	  of	  this	  research	  I	  have	  used	  a	  quantitative	  2x2	  multi-­‐centre	  
factorial	  study	  design	  to	  research	  individual	  VP	  design	  features.	  In	  this	  section	  I	  will	  
describe	  the	  process	  used	  to	  author	  the	  four	  cases	  for	  this	  study.	  The	  context	  and	  
methods	  for	  their	  delivery	  and	  use	  are	  discussed	  in	  the	  following	  section.	  A	  2x2	  
factorial	  study	  design	  involves	  the	  choice	  of	  two	  independent	  variables.	  The	  design	  
variables	  I	  have	  chosen	  to	  research	  are	  branching	  (present	  or	  absent)	  and	  structured	  
clinical	  reasoning	  instruction	  (present	  or	  absent).	  
	  
The	  clinical	  casesThis	  research	  was	  planned	  to	  run	  using	  different	  versions	  of	  four	  
MSK	  VPs,	  each	  intended	  to	  be	  thirty	  minutes	  long,	  representing	  core	  MSK	  topics.	  The	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four	  topic	  choices	  have	  been	  informed	  from	  external	  peer	  review,	  a	  research	  study	  
steering	  group.	  The	  four	  topics	  are	  pain	  in	  a	  single	  joint,	  pain	  in	  multiple	  joints,	  
multisystem	  disease,	  and	  low	  back	  pain.	  The	  2x2	  factorial	  design	  is	  shown	  in	  Figure	  
18.	  
	  
Figure	  18.	  VP	  Case	  Design	  Principles:	  how	  one	  VP	  can	  have	  four	  different	  designs	  in	  the	  study.	  
4 Clinical Areas 
1. Pain in a single joint (Large joint mononoarthritis) 
2. Polyarthritis 
3. Connective tissue disease 
4. Back pain 
 
Case 1 (Large joint 
arthritis) 
 
Virtual Patient 1A 
 
Case 1 (Large joint 
arthritis) 
 
Virtual Patient 1B 
 
Case 1 (Large joint 
arthritis) 
 
Virtual Patient 2A 
 
Case 1 (Large joint 
arthritis) 
 
Virtual Patient 2B 
 
There are four possible Virtual Patient designs that can be 
created for each case (A-D), using two options (levels) for each 
of the two independent variables (branching and feedback).  
Consider this applies to case 1, Rheumatoid arthritis: 
   
	   	   Branching	  
	   	   Absent	   Present	  
Structured	  Clinical	  
Reasoning	  
instruction	  
Absent	   A	  (Version	  1A)	   B	  (Version	  1B)	  
Present	   C	  (Version	  2A)	   D	  (Version	  2B)	  
 
 
Four VPs for each 
case are created, 
differing in feedback, 
and branching 
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5.2. Description	  of	  Branching	  and	  Structured	  Clinical	  Reasoning	  
Instruction.	  
The	  schematics	  for	  the	  four	  possible	  case	  designs	  are	  presented	  later	  in	  this	  section.	  
The	  two	  independent	  variables	  are	  outlined	  in	  table	  10.	  
Independent	  Variable	  
‘Branching’	  
	  There	  are	  four	  branching	  points	  in	  all	  cases,	  each	  has	  three	  
different	  decisions.	  
Independent	  variable:	  	  
‘Structured	  clinical	  reasoning	  instruction’	  
	  
Present	   Absent	   Present	   Absent	  
Student	  makes	  Correct	  
decision:	  
Student	  progresses	  down	  
the	  pathway,	  no	  difference	  
between	  branching	  
present	  or	  absent	  
	  
Student	  makes	  Correct	  
decision:	  
Student	  progresses	  
down	  the	  pathway,	  no	  
difference	  between	  
branching	  present	  or	  
absent	  	  
Students	  are	  prompted	  using	  
the	  SNAPPS	  principles	  
(Wolpaw	  et	  al.,	  2009)	  as	  a	  
series	  of	  additional	  nodes,	  
but	  they	  are	  not	  given	  any	  
clues	  to	  the	  underlying	  
diagnosis.	  
Case	  presented	  in	  standard	  
format.	  
Incorrect	  decision:	  
Student	  goes	  down	  an	  
alternative	  pathway	  
Incorrect	  decision:	  
Student	  is	  taken	  to	  a	  
step	  where	  they	  are	  
given	  feedback	  that	  the	  
decision	  was	  incorrect.	  
This	  feedback	  is	  given	  
authentically	  by	  a	  
character	  in	  the	  case	  
(e.g.	  a	  supervising	  
clinician)	  
Summarise	  the	  case,	  
Narrow	  the	  differential,	  
Analysing	  the	  differential	  
by	  comparing	  and	  
contrasting	  diagnostic	  
possibilities.	  	  
Probe	  the	  teacher:	  
students	  were	  encouraged	  
to	  ask	  the	  teacher	  relevant	  
questions	  
	  
Students	  are	  left	  to	  make	  
their	  own	  diagnostic	  and	  
treatment	  decisions.	  
	  
Feedback	  is	  presented	  to	  
students	  without	  them	  
needing	  to	  ask	  the	  
supervising	  clinician	  
	   	   Students	  are	  presented	  with	  
a	  standard	  reasoning	  
problem.	  They	  are	  then	  
prompted	  to	  consider	  
Bayesian	  probabilities	  using	  
a	  ‘frequency	  grid’	  (Sedlmeier	  
and	  Gigerenzer,	  2001),	  see	  
Figure	  19.	  
	  
For	  example,	  they	  consider	  
100,	  or	  1000	  or	  10000	  
patients	  to	  help	  them	  
answer	  the	  question.	  
Students	  are	  presented	  with	  
a	  standard	  reasoning	  
problem.	  
Table	  10	  The	  two	  independent	  variables	  that	  form	  the	  four	  cases	  in	  a	  2x2	  factorial	  design.	  
	  
	  
An	  example	  of	  the	  SNAPPS	  approaches	  (Wolpaw	  et	  al.,	  2009)	  and	  frequency	  grid	  
(Sedlmeier	  and	  Gigerenzer,	  2001)	  to	  solve	  Bayesian	  reasoning	  problems	  is	  shown	  in	  
Figure	  19.	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Figure	  19	  Examples	  of	  Bayes	  reasoning	  instruction	  to	  a.)	  help	  understand	  and	  interpret,	  b.)	  explain	  the	  results	  
of	  Bayes	  reasoning	  problems	  
a.)	  16	  Item	  use	  of	  SNAPPS	  in	  the	  cases:	  	  
8	  items	  to	  promote	  clinical	  reasoning	  instruction	  
‘Based	  on	  the	  information	  to	  date,	  please	  try	  and	  SUMMARISE	  the	  pattern	  of	  this	  
patients	  presentation	  and	  narrow	  the	  differential	  diagnosis’	  
	  
‘Try	  and	  NARROW	  the	  differential	  to	  two	  or	  three	  relevant	  possibilities.’	  
	  
‘Try	  to	  ANALYZE	  the	  differential	  by	  comparing	  and	  contrasting	  the	  possibilities’	  
	  
8	  items	  to	  allow	  students	  to	  ‘probe’	  the	  supervising	  clinician	  in	  the	  case.	  
	  
Options	  of	  questioning	  the	  supervising	  clinician	  on	  the	  rationale	  behind	  some	  of	  the	  
decision	  making	  (this	  information	  is	  just	  presented	  in	  block	  format	  for	  cases	  where	  
‘structured	  clinical	  reasoning	  instruction’	  is	  absent.	  
	  
b.)	  Use	  of	  a	  frequency	  grid	  to	  help	  Bayesian	  Reasoning	  (Sedlmeier	  and	  Gigerenzer,	  2001)	  
	  
Prior	  to	  task:	  bespoke	  graphical	  representation	  created	  to	  promote	  reasoning	  
	  
After	  the	  task:	  bespoke	  graphical	  representation	  to	  promote	  reasoning	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5.3. The	  VP	  template.	  
	  
This	  diagram	  below	  shows	  the	  difference	  between	  a	  linear	  (branching	  absent)	  and	  a	  
branched	  case.	  It	  represents	  the	  nodes	  visited.	  	  I	  highlight	  the	  differences	  between	  a	  
linear	  and	  a	  branching	  case,	  but	  also	  include	  a	  more	  detailed	  description	  of	  the	  cases	  
(Figure	  20).	  An	  example	  of	  this	  in	  practice	  can	  be	  seen	  in	  Error!	  Reference	  source	  
not	  found.,	  p.	  Error!	  Bookmark	  not	  defined..	  	  
	   	  	  	  	  	   	  
	  
	  	  	  	  	  	  	  	  	  3	  possible	  endings	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  9	  possible	  case	  endings	  
Figure	  20	  A	  linear	  (left)	  and	  branched	  (right)	  case	  schematic,	  showing	  the	  overall	  layout	  of	  the	  30	  minute	  case.	  
The	  linear	  case	  has	  three	  possible	  endings,	  the	  branching	  case	  has	  nine.	  	  
	  
	   	  
start	  start	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5.4. Adoption	  of	  VP	  Media	  
I	  have	  used	  a	  variety	  of	  open	  access	  media	  in	  the	  case	  development,	  as	  shown	  below	  
in	  Figure	  21,	  each	  published	  using	  a	  Creative	  Commons	  	  
Attribution-­‐NonCommercial-­‐ShareAlike	  licence	  (US	  National	  Library	  of	  Medicine	  and	  
National	  Institute	  of	  Health,	  2012).	  	  
a.)	  Authentic	  clinical	  and	  radiological	  images	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
	  
	  
	  
	  
b.)	  Authentic	  reports,	  letters,	  investigations,	  
and	  settings.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  
	  
	  	  	  	  	  	  	  	  	  
	  
	  
Figure	  21	  Examples	  of	  media	  used	  in	  the	  research	  process	  including	  a.)clinical	  and	  radiographic	  images	  b.)	  
other	  authentic	  information	  and	  reports	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5.5. Outcome	  measures:	  a	  15	  item	  score	  for	  each	  VP	  	  
As	  VPs	  are	  proposed	  to	  be	  best	  placed	  to	  teach	  clinical	  reasoning	  skills,	  outcomes	  for	  
the	  study	  have	  been	  chosen	  with	  this	  in	  mind,	  and	  piloted	  in	  the	  qualitative	  
research.	  I	  have	  chosen	  a	  15	  item	  clinical	  reasoning	  assessment	  utilising	  validated	  
measurements	  of	  clinical	  reasoning	  skills	  such	  as	  Key	  Feature	  Problems	  (Page	  et	  al.,	  
1995).	  
Item	   	   Marks	  awarded	  
	  (where	  applicable)	  
All	  Cases	   	   	  
	  	  	  	  	  	  VP	  Question	  items	   Key	  Feature	  Problems	  (x8)	   8	  
	   Clinical	  Decision	  	  (x4)	   4	  
	   Bayesian	  Statistical	  Question	  (x1)	   1	  
	   Working	  diagnosis	  (x2)	   2	  
	   Total	   15	  
	  	  	  	  	  	  Other	  VP	  metrics	   Time	  spent	  per	  case	   n/a	  
	   Time	  spent	  on	  questioning	  nodes	   “	  
	   Nodes	  skipped	   “	  
	   Case	  preference	   “	  
	   Nodes	  visited	   “	  
	  	  	  	  	  	  Other	  metrics	   Student	  evaluation	  and	  
demographic	  data*	  
“	  
Table	  11	  Metrics	  collected	  or	  each	  VP	  case,	  inside	  the	  VP	  environment	  and	  following	  case	  completion	  
To	  expand	  on	  Figure	  20,	  I	  present	  the	  four	  possible	  design	  schematics	  in	  Figure	  22,	  
illustrating	  how	  the	  same	  clinical	  reasoning	  questions	  are	  presented	  to	  the	  students	  
at	  the	  same	  instances	  in	  the	  case.	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Figure	  22	  The	  four	  possible	  case	  designs,	  1A,	  1B,	  2A,	  2B	  are	  all	  based	  on	  the	  same	  underlying	  template,	  with	  
students	  receiving	  the	  same	  assessment	  questions	  in	  all	  four	  case	  designs	  
a).	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Design	  1A:	  
Branching	  Absent,	  structured	  clinical	  reasoning	  
instruction	  absent.	  
	  
	  
b.)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Design	  1B:	  
	  Branching	  present,	  structured	  clinical	  reasoning	  instruction	  absent	  
	  
c.)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Design	  2A:	  
	  Branching	  absent,	  structured	  clinical	  reasoning	  
instruction	  present	  
	  
	  
d.)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  2B:	  Branching	  present,	  structured	  clinical	  reasoning	  
instruction	  present	  
	  
	  
	  
	  
Key.	  
Case	  progression-­‐cases	  are	  completed	  starting	  at	  the	  top	  working	  downwards	  as	  in	  figure	  20.	  	  
The	  vertical	  rectangles	  represent	  a	  sequence	  of	  steps.	  
Linear	  cases	  (a,c)	  present	  a	  single	  route	  through	  the	  case,	  the	  branching	  options	  are	  greyed	  out,	  and	  not	  available	  to	  the	  
student.	  
Branching	  cases	  are	  on	  the	  right	  (b.)	  and	  (d.)	  where	  there	  are	  four	  branching	  points	  with	  three	  options	  (43	  routes)	  through	  the	  
cases.	  To	  demonstrate	  a	  route	  through	  the	  case,	  the	  route	  is	  highlighted	  in	  orange.	  	  
Structured	  clinical	  reasoning	  instruction	  is	  represented	  by	  blue	  horizontal	  arrows.	  It	  is	  present	  in	  (c.)	  and	  (d.).	  The	  large	  blue	  
arrows	  indicate	  a	  number	  of	  steps	  of	  the	  SNAPPS	  tool	  (Wolpaw	  et	  al.,	  2009	  ),	  with	  the	  smaller	  arrows	  showing	  a	  single	  use.	  	  
Yellow	  horizontal	  shading	  represents	  the	  same	  in-­‐built	  VP	  assessments	  used	  as	  the	  outcome	  measures	  (KFPs,	  MCQ,	  Bayes	  
reasoning	  etc.)	  that	  occur	  in	  the	  same	  points	  of	  all	  four	  cases	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Scoring	  systems	  have	  been	  employed	  in	  the	  cases.	  Due	  to	  restrictions	  in	  the	  pattern	  
of	  the	  cases,	  these	  marks	  were	  recorded	  across	  four	  different	  counters	  inside	  the	  VP	  
environment,	  so	  each	  score	  (KFP,	  clinical	  decision,	  diagnosis)	  could	  be	  collected	  
automatically.	  	  
5.6. Applying	  qualitative	  research	  evidence	  and	  existing	  theory	  
Both	  these	  linear	  and	  branching	  cases	  have	  incorporated	  use	  of	  instruments	  in	  the	  
literature	  highlighted	  as	  being	  important,	  such	  as	  the	  identical	  use	  of	  a	  ‘wheel	  and	  
spoke’	  design	  for	  components	  of	  history	  taking.	  This	  means	  the	  user	  has	  a	  number	  of	  
options	  to	  choose	  before	  progressing	  (history,	  past	  medical	  history,	  clinical	  
examination).	  The	  VPs	  have	  been	  written	  to	  a	  structure	  that	  attempts	  to	  limit	  
cognitive	  load	  from	  an	  individual	  node.	  This	  incorporates	  some	  best	  practice	  from	  
the	  qualitative	  research.	  These	  include	  applying	  each	  of	  the	  ten	  examples	  described	  
in	  Figure	  16b,	  p.111	  and	  the	  basic	  principles	  of	  multimedia	  design	  outlined	  in	  Section	  
1.4,	  VPs	  in	  the	  e-­‐learning	  and	  wider	  educational	  literature,	  p.51.	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Section	  6. The	  Quantitative	  Research	  study	  
	  
The	  previous	  chapter	  describes	  how	  the	  research	  study	  was	  planned,	  using	  a	  
standardised	  VP	  design	  against	  a	  backdrop	  of	  a	  call	  for	  research	  into	  VP	  design	  
properties.	  In	  Section	  4	  I	  have	  outlined	  a	  qualitative	  model	  that	  potentially	  predicts	  
how	  students	  learn	  from	  VPs,	  but	  provides	  no	  quantitative	  data	  to	  support	  the	  
impact	  of	  the	  design	  variables	  I	  studied.	  This	  section	  presents	  next	  step	  of	  this	  
research	  process,	  by	  extending	  the	  qualitative	  findings	  into	  a	  multi-­‐centre	  
randomised	  study	  evaluating	  student	  experiences	  with	  VPs.	  In	  this	  section	  I	  describe	  
the	  impact	  of	  two	  VP	  design	  variables	  student	  performance	  within	  a	  VP	  and	  their	  
evaluation	  of	  the	  resource.	  	  
6.1. Problem	  statement	  and	  Research	  question.	  
In	  the	  earlier	  sections	  I	  have	  highlighted	  the	  issue	  of	  a	  lack	  of	  evidence	  to	  support	  
how	  individual	  VP	  design	  properties	  influence	  student	  satisfaction	  and	  performance.	  
The	  literature,	  published	  open	  access	  cases,	  and	  qualitative	  research	  have	  raised	  
questions	  of	  the	  importance	  of	  two	  design	  components	  in	  particular.	  The	  first	  design	  
variable	  is	  the	  use	  of	  branching	  in	  cases	  (present	  or	  absent).	  The	  second	  variable	  is	  
use	  of	  evidence-­‐based	  strategies	  to	  promote	  clinical	  reasoning	  skills	  based	  on	  
established	  evidence	  based	  methods	  (Wolpaw	  et	  al,	  2009).	  I	  describe	  this	  as	  
‘structured	  clinical	  reasoning	  instruction’	  (present	  or	  absent).	  	  
My	  main	  research	  questions	  is:	  
How	  do	  the	  different	  VP	  design	  properties	  of	  (1)	  branching,	  and	  (2)	  
structured	  clinical	  reasoning	  instruction	  influence	  student	  performance	  and	  
self-­‐evaluation	  of	  VPs?	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  In	  addition	  I	  also	  intend	  to	  use	  the	  data	  to	  	  
1. Determine	  and	  explore	  the	  relationships	  between	  the	  results	  in	  these	  cases	  
against	  other	  markers	  of	  student	  clinical	  reasoning	  including	  written	  and	  
clinical	  summative	  assessment.	  	  
2. Explore	  how	  open-­‐access	  cases	  are	  used	  by	  students	  from	  different	  
institutions.	  	  
3. Explore	  any	  interaction	  effects	  between	  the	  different	  designs	  (factorial	  study)	  
6.1.1. Study	  Design	  
This	  is	  a	  multi-­‐centre	  randomised	  factorial	  2x2	  research	  study	  evaluating	  the	  
effectiveness	  of	  two	  independent	  variables	  on	  student	  experiences	  and	  
performances	  using	  four	  musculoskeletal	  (MSK)	  topics,	  running	  from	  the	  1st	  July	  
2011	  to	  31st	  December	  2013.	  This	  has	  been	  conducted	  to	  an	  established	  externally	  
peer	  reviewed,	  open	  access	  research	  protocol,	  available	  in	  Error!	  Reference	  source	  
not	  found.	  (Bateman	  et	  al.,	  2012a).	  The	  two	  independent	  variables	  are:	  (1)	  
branching,	  present	  or	  absent;	  (2)	  structured	  clinical	  reasoning	  instruction,	  present	  or	  
absent	  (see	  Figure	  23).	  
	  
	  
Figure	  23	  A	  table	  showing	  the	  two	  independent	  variables	  in	  a	  2x2	  factorial	  design	  	  
	   	   Branching	  
	   	   Absent	   Present	  
Structured	  Clinical	  
Reasoning	  instruction	  
Absent	   A	  (Version	  1A)	   B	  (Version	  1B)	  
Present	   C	  (Version	  2A)	   D	  (Version	  2B)	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6.1.2. Settings	  and	  Participants	  
The	  study	  setting	  is	  three	  UK	  University	  medical	  schools:	  Warwick	  Medical	  School	  
(WMS);	  The	  University	  of	  Birmingham	  Medical	  School	  (UBMS)	  and	  Keele	  Medical	  
School	  (KMS).	  Due	  to	  technical	  challenges	  with	  timetabling	  of	  the	  participants	  
sessions	  across	  three	  schools	  within	  the	  constraints	  of	  the	  research	  the	  setting	  was	  
different	  at	  UBMS.	  This	  is	  shown	  in	  Table	  12.	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School	   	  Students	   Year	  
group	  
Students	  
invited	  
Course	  
Length	  
Year	  
Invited	  
Setting	   VP	  delivery	  	  
WMS	   GEM	   ~170	   In	  
individual	  
MSK	  block	  
4	  year	   Year	  3	   University	  
Library,	  sit	  
down	  session	  
Timetabled,	  
4	  sessions,	  1	  
hour	  
UBMS	   UEM	  and	  GEM	   ~370	   By	  MSK	  
block	  
(n=6)	  
5	  year	   Year	  4	   Students	  
complete	  in	  
own	  time	  
No	  
KMS	   UEM	  and	  GEM	   ~160	   Whole	  
year	  
group	  
5	  year	   Year	  4	   University	  
Library	  
Timetabled,	  
2	  sessions,	  2	  
hours	  each	  
Table	  12	  	  Study	  settings	  and	  participants	  (GEM=graduate	  entry	  students,	  UEM=	  undergraduate	  entry)	  
	  
6.1.3. Virtual	  Patient	  Software	  	  
These	  cases	  were	  produced	  to	  be	  30	  minute	  cases	  using	  the	  MedBiquitous	  VP	  
interoperability	  standard	  (Medbiquitous,	  2010),	  using	  DecisionSim®	  V2.0	  
(DecisionSim-­‐LLC,	  2012)	  which	  uses	  an	  individual	  login	  to	  record	  and	  track	  student	  
decisions	  during	  the	  cases.	  Cases	  were	  hosted	  within	  the	  University	  of	  Warwick	  
Internet	  pages	  (go.warwick.ac.uk/msk).	  Evaluations	  where	  a	  student	  response	  was	  
required	  were	  administered	  using	  a	  commercial	  version	  of	  the	  Surveymonkey	  
(Surveymonkey	  Inc,	  Paulo	  Alto).	  	  
6.1.4. VP	  Authoring	  
I	  have	  outlined	  the	  four	  case	  topics	  and	  authoring	  strategies	  for	  the	  four	  cases	  in	  
Section	  5	  (p.133).	  This	  includes:	  the	  case	  topics	  (Figure	  18,	  p.134);	  descriptions	  of	  the	  
two	  independent	  variables	  (Table	  10,	  p.135,	  see	  also	  Figure	  19,	  p.136);	  a	  template	  
showing	  the	  case	  outlines	  of	  the	  linear	  and	  branching	  cases	  (Figure	  20,	  p.137);	  
examples	  of	  case	  media	  used	  (Figure	  21,	  p.138);	  and	  the	  outcome	  measures	  
integrated	  into	  the	  cases	  (Table	  11,	  p.139).	  Two	  consultant	  rheumatologists,	  two	  
general	  practitioners,	  and	  	  two	  doctors	  in	  specialist	  training	  reviewed	  cases,	  and	  
provided	  written	  feedback	  on	  case	  content,	  style	  and	  delivery.	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6.1.5. Randomisation.	  
I	  have	  followed	  the	  CONSORT	  statement	  on	  randomised	  trials	  (Moher	  et	  al.,	  2001).	  I	  
present	  a	  flow	  diagram	  for	  the	  research	  protocol	  in	  Figure	  24.	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Figure	  24	  Flow	  diagram	  for	  the	  research	  protocol	  
	  
I	  have	  used	  computerised	  block	  randomisation	  using	  random	  number	  generation	  to	  
allocate	  students	  from	  each	  university	  cohort.	  Block	  randomisation	  means	  equal	  
numbers	  of	  students	  are	  allocated	  to	  each	  group.	  Block	  randomisation	  is	  an	  
Participants Eligible for Research Study 
 WMS n=160    UBMS n=400    KMS n=150 
Block Randomisation to four groups 
Eligible students from each institution 
Students blinded to allocation 
 
 
Outcomes integrated into all 16 VPs 
Identical format for each case: 
KFP, MCQ, Diagnosis, Bayesian 
reasoning, metrics (e.g. time taken to 
complete case) 
 
 
 
 
Data analysis 
 
*Signifies data collected from WMS only 
 
Exclusions 
Do not volunteer 
Do not consent  
 
Recruitment and consent  
Electronic Consent 
 Baseline data collection, DTI score* 
 
Drop Out 
Do not complete 
individual case/ opt 
out. 
Author 16 VP research cases: four versions (A-D) of four cases (1-4) 
 
Case 
No. 
Clinical  
Topic 
Four 
Versions 
 For each 
case 
Variable 1: 
Branching 
Variable 2: 
Feedback 
1 Large joint arthritis  A-D  A No No 
2 Polyarthritis A-D  B Yes No 
3 CTD A-D  C No Yes 
4 Back pain A-D  D Yes Yes 
 
Group 3 
Case 1 C  
Case 2 D 
Case 3 A 
Case 4 B 
 
 
Group 1 
Case 1 A 
Case 2 B  
Case 3 C 
Case 4 D 
 
 
Group 2 
Case 1 B 
Case 2 A 
Case 3 D 
Case 4 C 
 
Group 4 
Case 1 D  
Case 2 C 
Case 3 B 
Case 4 A 
 
 
               Consented: Follow Protocol  
Complete each VP version sequentially  
Baseline demographics 
Pre intervention DTI* 
For each VP case:  
Outcomes integrated into case (right) 
Post-case questionnaire (EViP) 
 
Post-intervention: repeat DTI*, collate exam results* 
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appropriate	  methodology	  for	  this	  research	  as	  I	  have	  no	  other	  known	  covariates	  to	  
adjust	  for	  (Kang	  et	  al.,	  2008),	  and	  ensures	  equal	  numbers	  in	  the	  four	  groups.	  The	  
randomisation	  uses	  a	  computerised	  random	  number	  generation	  sequence	  to	  
allocate	  to	  one	  of	  four	  groups.	  Each	  group	  can	  only	  access	  the	  cases	  assigned	  to	  that	  
group.	  All	  students	  were	  randomised	  to	  the	  four	  groups	  prior	  the	  invitation	  to	  
participate.	  This	  was	  done	  to	  allow	  students	  to	  be	  able	  to	  complete	  cases	  
immediately	  after	  consenting	  to	  participate,	  without	  the	  need	  for	  a	  bespoke	  
computer	  programmer	  to	  write	  an	  application-­‐programming	  interface	  (API)	  to	  
allocate	  students	  if	  they	  consent.	  The	  study	  design	  means	  that	  all	  students	  who	  
complete	  all	  four	  cases	  will	  be	  exposed	  to	  all	  four	  case	  designs	  (see	  Figure	  24,	  p.147).	  
An	  example	  of	  which	  of	  the	  16	  possible	  VP	  cases	  a	  student	  from	  group	  1	  will	  be	  able	  
to	  view	  is	  shown	  in	  Figure	  25.	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Figure	  25	  A	  schematic	  of	  the	  16	  case	  designs,	  showing	  how	  a	  student	  from	  Group	  1	  is	  exposed	  to	  all	  four	  case	  
designs	  whilst	  working	  through	  the	  four	  cases.	  	  
	  
6.1.6. Blinding	  
Students	  are	  blind	  to	  their	  allocation	  on	  consenting	  to	  take	  part	  in	  the	  study,	  and	  
during	  participation.	  Students	  are	  not	  expressly	  told	  the	  case	  designs	  they	  are	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completing	  or	  the	  number	  of	  different	  design	  possibilities	  (four).	  As	  a	  researcher	  I	  
was	  not	  blinded	  to	  student	  allocation,	  as	  this	  was	  required	  for	  facilitation	  of	  cases.	  
6.1.7. Timeline	  	  
A	  timeline	  for	  the	  research	  protocol	  is	  shown	  below	  for	  the	  three	  centres	  UBMS,	  
KMS	  and	  WMS.	  	  
	  
	  Figure	  26	  A	  schematic	  timeline	  displaying	  the	  intended	  introduction	  of	  VP	  cases	  in	  three	  centres	  in	  the	  West	  
Midlands.	  Recruitment	  continued	  in	  Warwick	  until	  December	  12,	  rather	  than	  October	  12.	  
6.1.8. Recruitment	  and	  baseline	  data	  collection	  
I	  gave	  the	  same	  ten-­‐minute	  oral	  presentation	  to	  all	  students	  eligible	  to	  participate	  in	  
the	  research	  process.	  This	  was	  supported	  by:	  written	  participant	  information	  sheets;	  
a	  web	  based	  information	  sheet;	  and	  an	  email	  including	  a	  participant	  information	  
sheet	  attachment.	  Students	  who	  agreed	  to	  participate	  signed	  an	  electronic	  consent	  
form.	  The	  University	  of	  Warwick	  Biomedical	  Research	  Ethics	  Committee	  approved	  
the	  participant	  information	  sheets	  and	  consent	  forms.	  On	  consenting,	  students	  were	  
considered	  to	  be	  participants	  in	  the	  study.	  Demographic	  data	  was	  collected	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electronically,	  and	  voluntarily	  from	  students	  after	  completing	  the	  first	  VP.	  This	  
included	  gender,	  and	  graduate	  entry	  status.	  	  Students	  were	  free	  to	  withdraw	  at	  any	  
stage.	  
	  
The	  ‘diagnostic	  thinking	  inventory’	  by	  Bordage	  et	  al.	  (1990)	  has	  been	  validated	  as	  a	  
measurement	  of	  clinical	  reasoning	  against	  year	  of	  study.	  Despite	  its	  use	  in	  a	  pre-­‐test	  
post-­‐test	  setting	  (Round,	  1999),	  it	  has	  not	  been	  validated	  to	  measure	  a	  change	  in	  
clinical	  reasoning	  skills.	  I	  considered	  the	  practical	  administration	  of	  such	  a	  long	  self	  
reported	  test	  (completion	  time	  of	  15-­‐20	  minutes)	  as	  potentially	  harmful	  to	  
recruitment.	  As	  a	  result	  the	  DTI	  was	  only	  offered	  to	  a	  subset	  of	  students	  from	  one	  
centre	  (WMS).	  Consent	  from	  the	  publishers	  (Wiley)	  and	  Professor	  George	  Bordage	  
was	  given	  to	  use	  the	  metric.	  
6.1.9. Inclusion	  and	  Exclusion	  criteria	  
Students	  had	  to	  volunteer	  to	  participate,	  sign	  electronic	  consent	  forms,	  and	  be	  
enrolled	  as	  current	  students	  on	  the	  MBChB	  programme.	  There	  were	  no	  specific	  
exclusion	  criteria	  for	  this	  research,	  students	  were	  assumed	  to	  have	  the	  relevant	  
information	  technology	  and	  language	  skills	  as	  part	  of	  the	  requirements	  for	  the	  
MBChB	  programme.	  	  
	  
6.1.10. VP	  delivery	  and	  data	  collection.	  
All	  students	  have	  a	  unique	  identifier,	  and	  had	  to	  ‘sign	  in’	  to	  complete	  a	  case.	  This	  has	  
several	  benefits.	  Firstly	  individual	  users	  can	  be	  tracked	  as	  they	  work	  through	  cases,	  
with	  all	  of	  their	  decisions	  being	  recorded	  online	  by	  the	  software	  environment.	  This	  is	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not	  a	  function	  of	  the	  VP	  itself,	  but	  the	  VLE	  (Virtual	  Learning	  Environment)	  in	  which	  
the	  VP	  runs	  (in	  this	  case	  DecisionSim).	  Secondly	  access	  to	  different	  cases	  can	  be	  
predetermined	  as	  shown	  in	  Figure	  25.	  The	  software	  virtual	  learning	  environment	  will	  
automatically	  collect	  data	  in	  the	  quantitative	  research	  component	  for	  all	  the	  
outcomes	  selected	  (see	  6.1.11).	  
	  
The	  delivery	  of	  the	  research	  plan	  was	  different	  at	  each	  centre.	  An	  example	  schematic	  
for	  the	  delivery	  of	  the	  cases	  at	  UBMS	  and	  WMS	  is	  shown	  in	  Figure	  27.	  At	  WMS	  the	  
cases	  are	  delivered	  during	  four	  sessions	  during	  MSK	  block,	  1	  VP	  per	  session,	  in	  the	  
hospital	  information	  technology	  (IT)	  suite.	  At	  UBMS,	  students	  complete	  the	  cases	  is	  
their	  own	  time	  during	  their	  MSK	  block.	  Case	  one	  and	  two	  are	  available	  in	  weeks	  one	  
and	  two,	  with	  all	  four	  cases	  available	  weeks	  three-­‐	  five.	  At	  KMS,	  the	  year	  group	  
accesses	  cases	  in	  two	  timetabled	  sessions	  for	  general	  medical	  education	  (two	  VPs	  
per	  session)	  at	  the	  hospital	  IT	  suite.	  For	  students	  not	  able	  to	  attend	  two	  sessions	  the	  
cases	  are	  delivered	  in	  a	  single	  session,	  in	  a	  hospital	  IT	  suite.	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b.)	  
	  
Figure	  27	  The	  delivery	  plan	  for	  the	  year	  groups	  to	  access	  the	  VPs	  at	  two	  centres	  (a)	  UBMS,	  and	  (b)	  WMS.	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6.1.11. Outcome	  measures	  
The	  outcome	  measures	  are	  shown	  below	  in	  Table	  13	  
	   Outcomes	  for	  individual	  cases	   Timing	  
Primary	  Outcome	  Measures	  
collected	  for	  each	  VP	  
	   	  
Validated	  clinical	  reasoning	  
assessments.	  
Key	  Feature	  Problems	  score	  (x/8)	  
Mandatory:	  the	  case	  cannot	  be	  completed	  
without	  completing	  these	  components.	  
	   Clinical	  Decision	  (x/4)	  
	   Bayesian	  Statistical	  Question	  (x/1)	  
	   Working	  diagnosis	  (x/2)	  
	   Total	  score	  per	  VP=x/15	  
Self	  reported	  evaluation	  (EVIP)	   EViP	  Questionnaire	  	  
x/55,	  four	  domains	  authenticity,	  
professionalism,	  coaching,	  learning.	  
Optional:	  Students	  complete	  after	  each	  
case	  
	   Case	  Preference:	  reasoning	  (n	  from	  4)	  
learning	  (n	  from	  4)	  
Optional:	  On	  completion	  of	  all	  cases	  
	  
Case	  preferences	   Preference	  of	  case	  (learning)	  
Students	  selects	  best	  case	  for	  learning	  
	  
Optional:	  On	  completion	  of	  all	  cases	  
	  
	   Preference	  of	  case	  (realism)	  
Student	  selects	  most	  realistic	  case	  
Optional:	  On	  completion	  of	  all	  cases	  
	  
Secondary	  Outcome	  measures	   	  
Automatically	  recorded	  during	  the	  case	  
inside	  the	  VP	  learning	  environment	  
Other	  metrics	  collected	  in	  electronic	  
environment	  
Time	  spent	  per	  case	  (seconds)	  
	   Number	  of	  nodes	  visited	  
	   Case	  completion	  percentage.	  
	   Time	  spent	  per	  step	  (seconds)	  
	   	  
Collected	  from	  WMS	  Only	   	   	  
Validated	  self	  reported	  reasoning	  
assessment	  (DTI)	  
41	  	  item	  self	  reported	  questionnaire	  
Immediately	  pre-­‐and	  post-­‐	  intervention	  
Summative	  assessment	   IPE	  Written	  Paper:	  Marks	  out	  of	  118,	  
summative	  	  
	  
IPE	  Clinical	  exam:	  summative	  
Two	  Station	  clinical	  exam	  (64	  Marks,	  
maximum	  number	  of	  penalty	  
points=48)	  
End	  of	  year	  assessment	  
Formative	  assessment	   MSK	  written	  paper	  (Possible	  51	  
marks),	  summative	  
MSK	  OSCE	  (three	  stations,	  possible	  30	  
marks),	  summative	  
1	  week	  post	  intervention	  
See Bateman et al. BMC Medical Education 2012 12:62   doi:10.1186/1472-6920-12-62 
Table	  13	  Outcome	  measures	  for	  the	  research.	  
6.1.12. Data	  analysis	  plan	  
I	  have	  collected	  data	  prospectively	  for	  the	  outcome	  variables	  outlined	  above.	  The	  
statistical	  analysis	  plan	  was	  designed	  prior	  to	  the	  data	  collection,	  and	  was	  published	  
prior	  to	  the	  analysis	  being	  undertaken	  (Bateman	  et	  al,	  2012).	  This	  was	  set	  up	  to	  
examine	  key	  variables	  for	  the	  research.	  This	  paper	  is	  included	  in	  full	  in	  Error!	  
Reference	  source	  not	  found.	  (p.260).	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6.1.12.1. Original	  planned	  analysis	  prior	  to	  data	  collection	  
I	  will	  present	  the	  absolute	  numbers	  of	  students	  eligible	  at	  each	  institution,	  
enrolment,	  and	  case	  completion	  rates	  through	  the	  study.	  This	  includes	  presenting	  a	  
participant	  flow	  diagram	  accounting	  for	  all	  students.	  Descriptive	  statistics	  will	  
present	  the	  mean,	  standard	  deviation,	  standard	  error	  of	  the	  mean,	  and	  95%	  
confidence	  intervals	  for	  the	  primary	  and	  secondary	  analysis.	  The	  primary	  analysis	  is	  
of	  performance	  in	  a	  15	  item	  clinical	  reasoning	  assessment	  and	  its	  components.	  I	  will	  
present	  descriptive	  statistics	  of	  all	  the	  variables	  collected,	  along	  with	  QQ	  plots	  as	  
visual	  representations	  of	  normality.	  Data	  will	  be	  presented	  using	  a	  standard	  
representation	  of	  boxplots	  in	  this	  thesis	  (Tabachnick	  and	  Fidell,	  2012).	  The	  box	  
represents	  the	  1st	  and	  3rd	  quartiles	  (the	  inter-­‐quartile	  range,	  IQR),	  the	  line	  in	  the	  
box	  the	  median.	  The	  box	  ‘whiskers’	  represent	  1.5	  IQR	  from	  the	  edge	  of	  the	  box.	  
Outliers	  will	  be	  shown	  as	  a	  circle	  (1.5	  to	  <3	  IQR)	  or	  a	  star	  (>3	  IQR).	  	  
	  
On	  the	  presumption	  that	  the	  results	  will	  be	  normally	  distributed,	  an	  analysis	  of	  co-­‐
variance	  (ANCOVA)	  will	  be	  used	  to	  determine	  both	  the	  adjusted	  main-­‐effects,	  and	  
interaction	  effects	  of	  the	  two	  independent	  variables.	  Blocking	  factors	  in	  the	  ANCOVA	  
will	  adjust	  for	  the	  effects	  of	  gender,	  institution,	  the	  case	  number,	  and	  graduate	  entry	  
status.	  The	  ANCOVA	  tests	  will	  be	  two-­‐sided	  and	  considered	  significant	  if	  p-­‐values	  are	  
<0.05.	  For	  associations	  between	  preferences	  with	  categorical	  rather	  than	  continuous	  
outcomes	  I	  will	  use	  the	  Chi-­‐squared	  test.	  I	  will	  explore	  the	  predictive	  validity	  of	  
performance	  in	  the	  VPs	  in	  one	  centre,	  exploring	  correlations	  with	  summative	  
assessment	  data	  (using	  Pearson’s	  product-­‐moment,	  r).	  The	  statistical	  analysis	  plan	  
was	  initially	  planned	  to	  using	  the	  open	  access	  data	  analysis	  program	  ‘R’	  (www.r-­‐
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project.org),	  I	  used	  the	  statistical	  analysis	  package	  SPSS®	  version	  19	  (IBM,	  2010)	  
which	  was	  provided	  by	  my	  institution.	  
 
It	  is	  expected	  that	  as	  this	  is	  a	  voluntary	  study	  involving	  a	  significant	  student	  time	  
commitment	  there	  will	  be	  dropout	  as	  the	  study	  progresses.	  The	  primary	  analysis	  will	  
investigate	  students	  who	  complete	  all	  four	  VP	  cases.	  The	  secondary	  analysis	  will	  
include	  all	  completed	  cases,	  irrespective	  of	  the	  number	  of	  cases.	  	  
6.1.12.2. Sample	  Size	  and	  Errors	  
I	  assigned	  a	  5%	  difference	  in	  validated	  assessments	  of	  clinical	  reasoning	  skills	  as	  
being	  an	  important	  educational	  effect.	  This	  research	  is	  potentially	  prone	  to	  type	  I	  
error	  (incorrect	  rejection	  of	  the	  null	  hypothesis)	  and	  type	  II	  error	  (a	  failure	  to	  reject	  
the	  null	  hypothesis	  that	  is	  false).	  For	  the	  power	  calculations	  I	  have	  chosen	  a	  type	  I	  
error	  (α)	  of	  0.05	  or	  5%.	  This	  means	  the	  probability	  of	  reporting	  a	  difference	  between	  
the	  variables	  where	  none	  exists	  is	  5%.	  For	  the	  type	  II	  error	  where	  the	  findings	  fail	  to	  
reject	  the	  null	  hypothesis	  when	  a	  true	  difference	  exists	  is	  denoted	  ‘β’,	  which	  for	  this	  
is	  0.2,	  giving	  a	  power	  of	  0.8	  or	  80%	  (power	  is	  1-­‐	  β,	  here	  I	  have	  used	  a	  power	  of	  80%).	  	  
	  
No	  gold	  standard	  clinical	  reasoning	  assessment	  tool	  exists,	  therefore	  sample	  size	  
calculation	  is	  based	  on	  performance	  on	  existing	  KFP	  scores.	  A	  previous	  study	  of	  
medical	  students	  has	  shown	  a	  normal	  distribution	  with	  a	  standard	  deviation	  of	  1.32	  
when	  completing	  15	  KFPS.	  If	  we	  consider	  a	  student	  completing	  this	  number,	  a	  5%	  
difference	  in	  the	  scores	  would	  be	  0.8,	  equivalent	  to	  a	  standardised	  effect	  size	  of	  
approximately	  0.6	  (moderate	  to	  large).	  Using	  these	  figures	  the	  study	  requires	  88	  
students	  to	  detect	  this	  difference	  with	  80%	  power	  at	  the	  (two-­‐sided)	  5%	  level.	  If	  the	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assumption	  that	  the	  effect	  size	  is	  the	  same	  for	  both	  independent	  variables,	  88	  
students	  would	  be	  sufficient	  power	  to	  detect	  an	  interaction	  effect	  between	  the	  
variables	  that	  was	  twice	  as	  large	  as	  the	  main	  intervention	  effect.	  If	  the	  interaction	  
between	  branching	  and	  structured	  clinical	  reasoning	  is	  of	  the	  same	  order	  of	  
magnitude,	  a	  2x2	  study	  would	  require	  a	  fourfold	  increase	  in	  the	  sample	  size	  
(Montgomery	  et	  al.,	  2003),	  or	  352	  students.	  For	  sample	  size	  calculations	  for	  student	  
self-­‐reported	  VP	  evaluations,	  a	  previous	  study	  has	  reported	  a	  standard	  deviation	  of	  
0.93	  (Berman	  et	  al.,	  2009).	  Here	  a	  10%	  difference	  in	  the	  evaluation	  scores	  is	  0.5	  on	  a	  
five-­‐point	  scale,	  equivalent	  to	  a	  standardised	  effect	  size	  of	  0.5.	  The	  study	  needs	  a	  
sample	  of	  112	  students	  to	  detect	  this	  with	  80%	  power	  at	  the	  (two-­‐sided)	  5%	  level.	  As	  
previously	  outlined,	  to	  detect	  any	  interaction	  effects	  between	  two	  independent	  
variables	  of	  the	  same	  magnitude	  would	  require	  448	  completed	  VP	  evaluations.	  Both	  
of	  these	  sample	  size	  calculations	  for	  the	  main	  effect	  sizes	  are	  shown	  in	  Table	  14.	  The	  
anticipated	  recruitment	  numbers	  at	  the	  outset	  were	  from	  a	  pool	  of	  over	  600	  
potential	  students.	  Recruitment	  above	  the	  target	  given	  provides	  increasing	  power	  to	  
detect	  main	  effects	  and	  interaction	  effects.	  
	  
Key	  Feature	  problems	   Student	  self	  reported	  Evaluation	  scores	   	  
	   	   Branching	   Total	   	   	   Branching	   Total	  
	   	   No	   Yes	   	   	   	   No	   Yes	   	  
Feedback	   No	   22	   22	   44	   Feedback	   No	   28	   28	   56	  
	   Yes	   22	   22	   44	   	   Yes	   28	   28	   56	  
Total	   	   44	   44	   88	   Total	   	   56	   56	   112	  
From:	  Bateman	  et	  al.	  BMC	  Medical	  Education	  2012	  12:62	  	  	  doi:10.1186/1472-­‐6920-­‐12-­‐62,	  See	  Appendix	  8b	  
Table	  14	  Sample	  size	  calculation	  for	  ‘key	  feature	  problems’,	  and	  student	  self-­‐reported	  evaluation	  scores	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6.1.13. Ethical	  Approval	  
Ethical	  approval	  was	  granted	  by	  the	  Warwick	  Medical	  School	  Biomedical	  Research	  
Ethics	  Committee,	  and	  was	  given	  written	  approval	  as	  educational	  research	  by	  the	  
NHS	  Midlands	  Research	  Ethics	  Committee	  (see	  Appendix	  1,	  ethics	  approval).	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6.2.  Results	  
In	  this	  section	  I	  describe	  the	  results	  of	  the	  data	  analysis	  of	  the	  study	  beginning	  with	  
an	  overview	  of	  the	  population.	  
6.2.1. Participant	  flow	  diagram	  and	  overview.	  
A	  participant	  flow	  diagram	  is	  shown	  in	  line	  with	  the	  CONSORT	  (consolidated	  
standards	  of	  reporting	  trials)	  statement	  (Bian	  and	  Shang,	  2011).	  This	  is	  shown	  in	  	  
Figure	  28.	  From	  the	  719	  eligible	  students,	  591	  participated	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Figure	  28	  The	  study	  participant	  flow	  through	  the	  research	  process	  reported	  in	  line	  with	  the	  CONSORT	  
statement	  
 
 
 
 
	  
	  
	  
	  
	  
	   	  
Eligible students: 719 
3 centres. Recruitment Jun 11-Dec12. WMS n=232,  UBMS n=354, KMS n=133 
Randomisation: computerised block randomisation at each site.  Students blinded  
Group 1 n=179; Group 2 N=180; Group 3 N=178; Group 4 N=179 
 
 
129 Do not consent: Excluded from 
analysis 
WMS 14; UBMS 92; KMS 22 
 
Primary  Analysis:  1184 VPs, 772 evaluations  
 
296 students: WMS,136; UBMS, 116; KMS 44 
 
Evaluations by group  
Total  1 2 3 4 
226/340 206/344  193/252 147/248 772/1184  
66.4% 59.9% 76.2% 59.3% 65% 
 
Evaluations by case (n=296) 
Total  A B C D 
 257 233 140 142 772/1184  
 87% 79% 47% 48% 65% 
 
 
Secondary Analysis: 1773 VPs, 1136 evaluations 
 
All cases with complete records included:  
(n=1773, N=572 students) 
 
 
Case 
Total  1 2 3 4 
 Completed case 537 451  426 359 1773  
 %consenting  91% 76% 72% 61% 75% 
 Evaluation 396 299 260 183 1138 
 %completion 76% 70% 65% 50% 65% 
 
WMS Only: 
Post intervention DTI, 
Summative assessments 
 
WMS only:  
Pre-intervention DTI 
134/150,(89%) 
Consented 591/719 consent 
 
 Group 1 Group 2 Group 3 Group 4 total 
WMS 54 55 53 56 218 
UBMS 67 66 61 68 262 
KMS 24 26 29 32 111 
Total 145 147 143 156 591 
 
19:  Do not complete a single VP 
 
Missing data: 34 students/ VPs 
Case 1: 5 (all group 3)  
Case 2: 29 (group 2,1; group 3,12;group 4,16) 
NB: Any other complete cases from these students 
go into secondary analysis 
572 students complete at 1807 VPs 
572 complete at least one case 
Primary Analysis: students complete all 4 VPs 
296 students, 772 evaluations 
Group 1,85; Group 2,86; Group 3,63; Group4,62 
 
Secondary Analysis: All VPs with complete 
data. 
572 students, 1773 VPS,1138 evaluations 
 
	   	  J	  Bateman	   161	  	  	  	  	  
6.2.2. Study	  Population	  
In	  this	  section	  I	  describe	  the	  demographics	  of	  the	  student	  population	  that	  was	  
invited	  to,	  and	  participated	  in	  this	  research.	  A	  summary	  of	  the	  study	  population	  is	  
presented	  in	  Table	  15,	  p.162.	  In	  total	  719	  students	  from	  the	  three	  institutions	  were	  
eligible	  to	  participate,	  of	  which	  591	  consented	  (82.5%).	  From	  the	  719	  students	  
eligible,	  more	  were	  female	  (60.3%).	  Of	  the	  591	  students	  that	  consented	  to	  
participate,	  572	  completed	  at	  least	  one	  VP	  case,	  with	  296	  (50.1%)	  completing	  all	  four	  
cases.	  Volunteer	  and	  consent	  rates	  were	  highest	  at	  WMS	  (94.0%)	  followed	  by	  KMS	  
(83.5%)	  and	  UBMS	  (74%).	  Overall	  students	  completed	  1773	  cases	  (mean	  3.0	  VPs	  per	  
student),	  spending	  on	  average	  28.6	  minutes	  per	  case,	  returning	  1229	  complete	  
evaluations	  (69.1%	  completion	  rate).	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Eligibility	  for	  study	   Total	  
WMS	  
UBMS	  
KMS	  
719	  	  
232	  
354	  
133	  
	   Gender	  
Male	  
Female	  
	  
285	  (39.6%)	  
434	  (60.4%)	  
Consent	   All	  students	   591/719	  (82.5%)	  
	   Consent	  by	  gender	   238	  male	  (83.8%	  consented)	  	  
353	  female	  (81.7%)	  
	   Consent	  by	  institution	   	  
	   WMS	   218/232	  (94.0%)	  	  
	   UMBS	   262/354	  (74.0%)	  
	   KMS	   111/133	  (83.5%)	  
	   Graduate	  status	  (n=591	  consenting	  
students)	  	  
GEM	  249	   UEM	  230	   unknown	  105	  
	   WMS	   GEM	  218	  	   UEM	  0	  	   unknown	  0	  
	   UBMS	   GEM	  22	   UEM	  175	   unknown	  63	  
	   KMS	   GEM	  9	   UEM	  55	   unknown	  42	  
VP	  Case	  Statistics	   Number	  of	  MSK	  case	  topics	   4	  
Total	  VPs	  evaluated	   16	  (four	  versions	  of	  each	  MSK	  topic)	  
VP	  Completion	  Rates	   All	  students	  
WMS	  
UBMS	  
KMS	  
1773	  
725	  
741	  
307	  	  
Case	  Metrics	   Mean	  Score	  per	  VP,	  n=1773	  	  
[marks	  out	  of	  15]	  
8.55	  (SD	  2.12)	  
	   Mean	  time	  spent	  per	  VP	   28.6	  min	  (SD	  13.7)	  
	   Mean	  steps/VP	   56.1	  (SD	  7.74)	  
	   Mean	  evaluation	  score	  (/55)	   44.9	  (SD	  5.4)	  
	   Mean	  evaluations	  completed	  
/student	  
1.92	  (SD	  1.40)	  
EViP	  Evaluations	   Total	  returned	   1229/1773	  (69.1%)	  
Total	  Returned	  with	  student	  ID	   1138/1229	  (92.6%);	  or	  1138/1773	  (65.2%)	  
WMS	   478/725	  (65.9%	  of	  cases)	  
UMBS	   471/741	  (63.6%	  of	  cases)	  
KMS	   191/307	  (62.2%	  of	  cases)	  
Complete	  evaluations	  with	  no	  
student	  ID	  
91/1229	  (7.4%	  of	  all	  evaluations)	  
Primary	  analysis:	  	  
	  
Total	  students	  completing	  all	  four	  
cases	  
296/591	  consenting	  students	  (50.1%)	  	  
	  	  
By	  institution	  	  
	  
WMS	  
UBMS	  
KMS	  
136/218	  (62.3%)	  
116/262,	  (44.3%)	  	  
44/111	  (39.6%)	  
By	  randomisation	  group	  	   Participation	   	  
	   Group	  1	  
Group	  2	  
Group	  3	  
Group	  4	  
85	  (28.7%)	  
86	  (29.1%)	  
63	  (21.3%)	  
62	  (20.9	  %)	  
	   Performance	  (total	  score	  all	  four	  
cases)	  
34.1/60	  (all	  four	  cases),	  SD	  5.6	  
	   Group	  1	  
Group	  2	  
Group	  3	  
Group	  4	  
34.6/60	  (SD	   5.1)	  
33.4/60,	  SD	  5.0)	  
34.2,	  SD	  6.3	  
34.6,	  SD	  6.4	  	  	  
Evaluations	  Completed	  
	  
Total	  
WMS	  
UBMS	  
KMS	  
772/1184	  (65.2%)	  
369/560	  (65.8%)	  
287/446	  (64.3%)	  
116/176	  (65.9%)	  
	   Mean	  Evaluation	  scores	  	  	  
Total	  
Group	  1	  
Group	  2	  
Group	  3	  
Group	  4	  
	  
45.0,	  SD	  4.4	  
44.8,	  SD	  4.4	  
45.5,	  SD	  4.3	  	  
44.6,	  SD	  3.8	  	  	  	  
45.0,	  SD	  5.1	  
Additional	  Data:	  	  WMS	  	   Summative	  assessment	  data	   	  
	   Summative	  Written	  (IPE)	  
Summative	  Clinical	  Exam	  
Summative	  MSK	  OSCE	  
Summative	  MSK	  Written	  	  
228/232	  (98.3%),	  	  
228/232	  (98.3%)	  
216/232	  (93.1%)	  
216/232	  (93.1%)	  
	   Diagnostic	  thinking	  inventory	  
WMS	  students	  offered	  DTI	  
Consenting	  students	  
Pre-­‐	  VP	  DTI;	  result	  
Post	  –VP	  DTI;	  result	  
	  
161	  
150	  
133/150	  students	  (88.6%)	  
85/161	  students	  (56.7%)	  
	  
Table	  15	  Summary	  of	  participation	  data	  and	  performance	  of	  across	  the	  VP	  cases	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6.2.3. Case	  completion	  by	  gender	  institution	  and	  randomisation	  
In	  this	  subsection	  (and	  Figure	  29	  a-­‐h,	  p.165)	  I	  present	  data	  to	  describe	  and	  compare	  
the	  study	  population	  and	  uptake	  by	  gender,	  participation,	  institution,	  completion	  
rates,	  randomisation,	  and	  overall	  performance.	  There	  was	  no	  difference	  in	  the	  
gender	  make	  up	  of	  the	  institutions	  (Figure	  29a,	  p=0.156).	  Consent	  to	  participate	  
differed	  across	  the	  three	  centres	  (P<0.001,	  WMS	  95%,	  KMS	  73%,	  UBMS	  84%,	  Figure	  
29b).	  Each	  centre	  had	  different	  curricular	  integration	  strategies.	  There	  were	  no	  
differences	  in	  case	  completion	  rate	  by	  gender	  (males	  83.5%,	  females	  81.3%,	  Figure	  
29c,	  p=0.47),	  or	  by	  the	  four	  possible	  VP	  case	  designs	  	  (N=1773,	  Figure	  29d,	  p=0.795).	  	  
	  
The	  primary	  analysis	  is	  conducted	  on	  students	  who	  completed	  all	  four	  cases	  (n=296,	  
1184	  VPs).	  Students	  that	  complete	  all	  four	  cases	  are	  exposed	  to	  all	  four	  case	  designs,	  
and	  therefore	  all	  groups	  should	  in	  principle	  have	  similar	  overall	  scores.	  The	  results	  
confirm	  this,	  with	  no	  significant	  difference	  in	  overall	  score	  for	  students	  completing	  
four	  cases	  between	  any	  of	  the	  groups	  (ANOVA,	  P=	  0.613,	  Figure	  29e).	  More	  students	  
from	  groups	  one	  and	  two	  had	  completed	  all	  four	  cases	  (Pearson	  Chi-­‐squared	  29.9,	  
p<0.001,	  group	  1,	  85;	  group	  2,	  86;	  group	  3,	  63;	  group	  4,	  62;	  see	  Figure	  29f).	  This	  may	  
reflect	  missing	  data	  from	  students	  in	  group	  three	  (n=17)	  and	  group	  4	  (N=17),	  
excluding	  them	  from	  the	  final	  analysis.	  As	  described	  these	  exclusions	  did	  not	  
produce	  any	  significant	  differences	  in	  the	  total	  scores	  between	  the	  groups.	  In	  the	  
planned	  secondary	  analysis	  students,	  all	  completed	  VP	  cases	  are	  analysed	  (students	  
completing	  1-­‐4	  cases).	  There	  were	  no	  significant	  differences	  in	  mean	  VP	  case	  scores	  
in	  students	  completing	  one,	  two,	  three	  and	  four	  VPs	  respectively,	  (ANOVA,	  p=0.463,	  
Figure	  29g).	  The	  four	  MSK	  case	  topics	  covered	  a	  broad	  range	  of	  case	  material	  in	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rheumatology	  and	  orthopaedics	  were	  also	  broadly	  of	  the	  same	  difficulty.	  An	  ANOVA	  
that	  cases	  were	  not	  all	  of	  equal	  difficulty	  (p<0.001,	  Figure	  29h).	  Post-­‐hoc	  multiple-­‐
comparisons	  (Tukey)	  shows	  cases	  1-­‐3	  did	  not	  differ	  significantly	  in	  difficulty	  (all	  
p>0.3),	  with	  only	  case	  four	  having	  a	  significantly	  lower	  score	  than	  the	  other	  three	  
cases	  (p<0.001).	  This	  difference	  was	  small	  with	  the	  maximum	  difference	  in	  mean	  
score	  of	  1.2/15	  (Scores	  by	  case:	  1,8.87;	  2,8.75;	  3,8.65;	  4,	  7.54,	  overall	  mean	  8.51/15).	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a.)	  No	  difference	  in	  gender	  split	  between	  institutions	  
	  
 
Gender	  
Total	  Male	   Female	  
University	   WMS	   Count	   101	   131	   232	  
%	  within	  University	   43.7%	   56.3%	   100.0%	  
%	  within	  Gender	   35.2%	   29.9%	   32.0%	  
UBMS	   Count	   128	   226	   354	  
%	  within	  University	   36.2%	   63.8%	   100.0%	  
%	  within	  Gender	   45.1%	   52.3%	   49.4%	  
KMS	   Count	   56	   77	   133	  
%	  within	  University	   42.1%	   57.9%	   100.0%	  
%	  within	  Gender	   19.7%	   17.8%	   18.6%	  
Total	   Count	   285	   432	   719	  
%	  within	  University	   39.7%	   60.3%	   100.0%	  
%	  within	  Gender	   100.0%	   100.0%	   100.0%	  
Pearson	  Chi-­‐Square	  3.683,	  d.f.	  2,	  sig	  0.159	  
	  
b.)	  Consent	  rates	  were	  significantly	  different	  between	  the	  
three	  institutions,	  with	  WMS	  having	  the	  highest	  
participation	  
	  
	   Consented	  Did	  not	  consent	  Total	  
University	  WMS	   Count	   218	   14	   232	  
%	  within	  University	   94.0%	   4.8%	   100.0%	  
UBMS	   Count	   262	   92	   354	  
%	  within	  University	   74.0%	   26.0%	   100.0%	  
KMS	   Count	   111	   22	   133	  
%	  within	  University	   83.5%	   16.5%	   100.0%	  
Total	   Count	   591	   125	   719	  
%	  within	  University	   82.5%	   17.5%	   100.0%	  
Pearson	  Chi-­‐Square	  43.402a,	  df,	  2,	  sig	  (2	  sided)	  .000	  
a	  
c.)	  Participation	  by	  gender	  was	  equal	  between	  the	  two	  
groups.	  
	  
	  
	   Male	   Female	   Total	  
Consented	   238	  (83.5%)	   353	  (81.3%)	   591	  
%	  within	  gender	   85.3%	   81.3%	   100%	  
Did	  not	  
consent	  
47	   81	   128	  
	  %within	  consent	  
status	  
14.7%	   18.3%	   100%	  
Total	   285	   434	   719	  
	  
	  	  	  	  Pearson	  Chi-­‐	  squared	  0.87,	  1	  d.f.	  1	  	  significance	  [2-­‐sided]	  =.471.	  
d.)	  There	  were	  no	  significant	  difference	  in	  case	  
completion	  rates	  by	  case	  design	  (all	  completed	  cases,	  
N=1773)	  
	  
	  
Design	  	  
Total	  1A	   1B	   2A	   2B	  
Case	  1	   Count	   136	   141	   117	   142	   536	  
%	  within	  Case	   25.4%	   26.3%	   21.8%	   26.5%	   100.0%	  
Case	  2	   Count	   126	   117	   104	   105	   452	  
%	  within	  Case	   27.9%	   25.9%	   23.0%	   23.2%	   100.0%	  
Case	  3	   Count	   106	   107	   102	   111	   426	  
%	  within	  Case	   24.9%	   25.1%	   23.9%	   26.1%	   100.0%	  
Case	  4	   Count	   87	   87	   95	   90	   359	  
%	  within	  Case	   24.2%	   24.2%	   26.5%	   25.1%	   100.0%	  
Total	   Count	   455	   452	   418	   448	   1773	  
%	  within	  case	   25.7%	   25.5%	   23.6%	   25.3%	   100.0%	  
Pearson	  Chi	  squared	  5.4,	  d.f.9,	  P=0.795,	  non	  significant.	  
e.)	  No	  difference	  was	  seen	  in	  total	  scores	  across	  the	  four	  
groups	  for	  students	  that	  completed	  all	  four	  cases	  
	  
	  
	  
	  
ANOVA:	  p=0.613,	  no	  significant	  differences	  between	  the	  groups.	  N=296	  
f.)	  For	  the	  296	  students	  who	  completed	  all	  four	  cases,	  
more	  students	  came	  from	  groups	  one	  (n=85),	  two	  (n=86),	  
three	  (n=63)	  and	  four	  (n=62).	  	  
	  
	  
Randomised	  Group	  	  
Total	  1	   2	   3	   4	  
Case	  
1	  
Count	   85	   86	   63	   62	   296	  
%	  within	  
Case	  
28.6%	   29.3%	   21.2%	   20.9%	   100.0%	  
Case	  
2	  
Count	   86	   85	   62	   63	   296	  
%	  within	  
Case	  
29.3%	   28.6%	   20.9%	   21.2%	   100.0%	  
Case	  
3	  
Count	   63	   62	   85	   86	   296	  
%	  within	  
Case	  
21.2%	   20.9%	   28.6%	   29.3%	   100.0%	  
Case	  
4	  
Count	   62	   63	   86	   85	   296	  
%	  within	  
Case	  
20.9%	   21.2%	   29.3%	   28.6%	   100.0%	  
Total	   Count	   296	   296	   296	   296	   1188	  
Pearson	  Chi	  squared	  29.9	  d.f.	  9,	  p<0.001	  
	  
g.)	  No	  significant	  difference	  in	  mean	  case	  performance	  by	  
number	  of	  cases	  completed.	  
	  
	  
N	   Mean	   Std.	  Deviation	  
95%	  Confidence	  Interval	  for	  Mean	  
Lower	  Bound	   Upper	  Bound	  
1	  case	   79	   8.71	   2.136	   8.23	   9.19	  
2	  cases	   83	   8.30	   1.804	   7.91	   8.69	  
3	  cases	   115	   8.48	   1.431	   8.22	   8.75	  
4	  cases	   295	   8.50	   1.494	   8.33	   8.68	  
Total	   572	   850	   1.631	   8.37	   8.63	  
ANOVA:	  F=0.857,	  Asymp.	  Sig.	  p=0.463	  
h.)	  Similar	  differences	  in	  case	  difficulty,	  case	  4	  significantly	  
more	  difficult	  than	  cases	  1-­‐3,	  small	  effect	  size. 
	  
N	   Mean	  
Std.	  
Deviation	  
95%	  Confidence	  
Interval	  for	  Mean	  
Lower	  
Bound	  
Upper	  
Bound	  
Case	  1	   536	   8.87	   1.86	   8.71	   9.02	  
Case	  2	   452	   8.75	   2.07	   8.56	   8.94	  
Case	  3	   426	   8.65	   2.45	   8.41	   8.87	  
Case	  4	   359	   7.54	   1.88	   7.32	   7.71	  
Total	   1773	   8.51	   2.12	   8.41	   8.61	  
ANOVA:	  P<0.001:	  Tukey	  post	  hoc	  tests	  show	  no	  differences	  between	  cases	  1-­‐
3.	  Case	  4	  significantly	  lower	  score	  than	  cases	  1-­‐3,	  small	  effect	  size	  (ETA	  
squared	  0.056).	  	  
Figure	  29	  Comparison	  between	  the	  four	  randomised	  groups	  (a-­‐h):	  a.)	  students	  invited	  by	  institution;	  b.)	  
consent	  by	  institution;	  c.)	  gender	  participation;	  d.)	  case	  completion	  by	  design;	  e.)	  mean	  score	  by	  group;	  f.)	  
groups	  who	  completed	  all	  four	  cases;	  g.)	  performance	  by	  cases	  completed;	  h.)	  case	  difficulty	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There	  was	  no	  significant	  differences	  between	  students	  completing	  evaluations	  by	  
institution:	  WMS,	  65.9%;	  UBMS,	  61.5%;	  KMS,	  62.2%	  (Pearson’s	  Chi-­‐square	  3.61,	  d.f.	  
2,	  P=0.165).	  Evaluation	  completion	  rates	  were	  not	  influenced	  by	  individual	  case	  
performance	  (independent	  samples	  t-­‐test,	  n=1767	  p=0.225);	  gender	  (Pearson	  Chi-­‐
square	  2.24,	  d.f.1,	  Asymp.	  2-­‐sided	  sig=0.134);	  graduate	  entry	  status	  (undergraduate	  
entry	  or	  graduate	  entry,	  Pearson	  Chi-­‐square	  0.85,	  d.f.	  1,	  Asymp.	  2-­‐sided	  sig=0.358).	  
Students	  did	  return	  successively	  less	  evaluations	  from	  each	  case:	  case	  one	  400	  (74%	  
completion);	  case	  290	  (64.0%	  completion),	  case	  three,	  253	  (59.3%	  completion);	  case	  
four,	  n=177,	  (49.2%	  completion),	  which	  was	  significant	  (Pearson	  Chi-­‐square	  62.054,	  
d.f.	  3,	  Asymp.	  2-­‐sided	  sig.=<0.0001).	  This	  reflects	  number	  of	  cases	  completed,	  not	  
case	  design.	  The	  student	  case	  performance	  did	  not	  predict	  if	  a	  student	  would	  
complete	  an	  evaluation	  (independent	  t-­‐test,	  p=0.225,	  see	  Table	  16)	  with	  scores	  of	  
8.56/15	  in	  students	  who	  completed	  an	  evaluation	  and	  8.43/15	  in	  those	  who	  did	  not.	  
	  
	   	   	  
	   	   	   95%	  C.I.	  Difference	  
Evaluation	  Completed	   N	   Mean	   Std.	  Deviation	   Sig.	  (2-­‐tailed)	   Mean	  Diff.	   S.E.	  Diff.	   Lower	   Upper	  
yes	   1118	   8.56	   2.16	   0.225	   0.13	   0.10	   -­‐.08	   0.33	  
no	   656	   8.43	   2.06	  
	   	   	   	   	  Table	  16	  Case	  scores	  comparing	  students	  who	  completed	  and	  did	  not	  complete	  an	  evaluation.	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6.2.4. Descriptive	  statistics	  for	  case	  performance	  and	  evaluations	  
	  
In	  Table	  17	  I	  present	  a	  breakdown	  of	  all	  1773	  completed	  VP	  cases	  during	  the	  study,	  
for	  which	  there	  are	  missing	  data.	  This	  shows	  the	  students	  spent	  a	  mean	  28.6	  
minutes	  per	  VP	  (SD	  13.7).	  The	  overall	  score	  in	  the	  cases	  out	  of	  15	  marks	  was	  8.5/15	  
(SD	  2.1,	  56.7%).	  For	  the	  two	  ‘diagnosis’	  multiple-­‐choice	  questions	  (MCQ),	  students	  
scored	  1.42	  (SD	  0.72,	  71.0%).	  For	  the	  eight	  ‘Key	  Feature	  Problems’	  (KFP)	  students	  
scored	  a	  mean	  of	  4.29	  (SD	  1.45,	  53%).	  For	  the	  four	  clinical	  decisions	  (one	  from	  
three),	  students	  scored	  2.65/4	  (SD	  1.0,	  66.2%).	  For	  the	  one	  Bayesian	  reasoning	  
question,	  students	  scored	  0.15	  (15%).	  The	  overall	  evaluation	  score	  (EViP	  self-­‐
reported	  evaluation,	  55	  possible	  marks	  with	  55	  representing	  the	  best	  case)	  was	  44.9	  
(SD	  5.43,	  81.6%).	  In	  Table	  17	  I	  also	  present	  the	  descriptive	  statics	  for	  the	  primary	  
analysis,	  the	  cohort	  that	  completed	  all	  four	  VPs	  (n=296	  students).	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N	   Minimum	   Maximum	   Mean	   Std.	  Deviation	  
Skewness	   Kurtosis	  
Statistic	   Std.	  Error	   Statistic	   Std.	  Error	  
All	  completed	  cases:	  N=	  572	  students.	  N=1773	  cases	  completed	  
Case	  Metrics	  
Minutes	   1773	   3.25	   118	   28.65	   13.68	   1.93	   .058	   5.88	   0.12	  
Steps	   1773	   34	   88	   56.10	   7.744	   0.020	   .058	   -­‐0.20	   0.12	  
Diagnosis	   1773	   0	   2	   1.42	  (71.0%)	   0.72	   -­‐0.81	   .058	   -­‐0.65	   0.12	  
KFP	   1773	   0	   8	   4.29	  (53.6%)	   1.46	   -­‐0.05	   .058	   -­‐0.21	   0.12	  
Clinical	  Decisions	   1773	   0	   4	   2.65	  (66.2%)	   1.00	   -­‐0.38	   .058	   -­‐0.45	   0.12	  
Bayes	  Reasoning	   1773	   0	   1	   0.15	  (15%)	   0.36	   1.96	   .058	   1.83	   0.12	  
Total	  score	   1773	   2	   15	   8.51	  (56.7%)	   2.13	   -­‐0.22	   .058	   -­‐0.09	   0.12	  
Evaluation	  Scores	  
authenticity	  (/10)	   1138	   2	   10	   8.08	  (80.1%)	   1.26	   -­‐0.63	   .073	   1.55	   0.14	  
professionalism	  (/20)	   1138	   4	   20	   16.04	  (80.0%)	   2.19	   -­‐0.52	   .073	   2.26	   0.14	  
coaching	  (/15)	   1138	   3	   15	   12.54	  (83.6%)	   1.76	   -­‐1.33	   .073	   7.23	   0.14	  
Learning	  (/10)	   1138	   2	   10	   8.20	  (82.0%)	   1.21	   -­‐1.49	   .073	   7.58	   0.14	  
Total	  (/55)	   1138	   11	   55	   44.94	  (81.6%)	   5.44	   -­‐.722	   .074	   3.10	   0.14	  
Students	  completing	  all	  four	  cases:	  N=296	  students,	  N=1184	  cases	  
Case	  Metrics	  
Minutes	   1184	   3.25	   118	   28.75	   13.70	   1.89	   .071	   5.70	   .142	  
Steps	   1184	   34	   88	   56.70	   7.89	   0.11	   .071	   -­‐0.21	   .142	  
Diagnosis	   1184	   0	   2	   1.35	   0.74	   -­‐0.67	   .071	   -­‐0.90	   .142	  
KFP	   1184	   0.33	   8	   4.33	   1.43	   -­‐0.05	   .071	   -­‐0.20	   .142	  
Clinical	  Decisions	   1184	   0	   4	   2.70	   0.98	   -­‐0.40	   .071	   -­‐0.49	   .142	  
Bayes	  Reasoning	   1184	   0	   1	   0.15	   0.36	   1.91	   .071	   1.67	   .142	  
Total	  score	   1184	   2	   15	   8.53	   2.11	   -­‐0.19	   .071	   -­‐0.17	   .142	  
Evaluation	  Scores	  
authenticity	  (/10)	   772	   2	   10	   8.11	   1.25	   -­‐0.65	   .087	   1.61	   0.18	  
professionalism	  (/20)	   772	   4	   20	   16.06	   2.17	   -­‐0.54	   .087	   2.74	   0.18	  
coaching	  (/15)	   772	   3	   15	   12.55	   1.68	   -­‐0.96	   .087	   4.96	   0.18	  
Learning	  (/10)	   772	   2	   10	   8.24	   1.11	   -­‐1.13	   .087	   5.89	   0.18	  
Total	  (/55)	   772	   11	   55	   44.98	   5.24	   -­‐0.72	   .088	   3.42	   .18	  
Table	  17	  Descriptive	  statistics	  for	  all	  completed	  cases	  and	  evaluations.	   
 
The	  evaluation	  scores	  shown	  in	  Table	  17	  are	  the	  1184	  evaluations	  that	  can	  be	  
associated	  with	  an	  individual	  user.	  For	  reference	  I	  have	  included	  the	  EViP	  
questionnaire	  items	  in	  full	  with	  responses	  and	  SD	  in	  Table	  18.	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Question	  
	  
EViP	  domain:	  
introductory	  text	  
presented	  to	  
students	  
Question	  Text	   Mean	   Std.	  	  Deviation	  
EVIP1-­‐Auth	   ‘Authenticity	  of	  
patient	  
encounter	  and	  
the	  
consultation’	  
While	  working	  on	  this	  case,	  I	  felt	  I	  had	  to	  make	  the	  same	  
decisions	  a	  doctor	  would	  make	  in	  real	  life.	  
4.21	   .638	  
EVIP2-­‐Auth	   While	  working	  on	  this	  case,	  I	  felt	  I	  were	  the	  doctor	  caring	  for	  
this	  patient.	  
3.88	   .784	  
EVIP3-­‐Prof	  
‘Professional	  
approach	  in	  the	  
consultation’	  
While	  working	  through	  this	  case,	  I	  was	  actively	  engaged	  in	  
gathering	  the	  information	  (e.g.,	  history	  questions,	  physical	  
exams,	  lab	  tests)	  I	  needed,	  to	  characterize	  the	  patient’s	  
problem.	  
4.04	   .669	  
EVIP4-­‐Prof	   While	  working	  through	  this	  case,	  I	  was	  actively	  engaged	  in	  
revising	  my	  initial	  image	  of	  the	  patient’s	  problem	  as	  new	  
information	  became	  available.	  
4.12	   .670	  
EVIP5-­‐Prof	   While	  working	  through	  this	  case,	  I	  was	  actively	  engaged	  in	  
creating	  a	  short	  summary	  of	  the	  patient’s	  problem	  using	  
medical	  terms.	  
3.67	   .887	  
EVIP6-­‐Prof	   While	  working	  through	  this	  case,	  I	  was	  actively	  engaged	  in	  
thinking	  about	  which	  findings	  supported	  or	  refuted	  each	  
diagnosis	  in	  my	  differential	  diagnosis.	  
4.19	   .623	  
EVIP7-­‐Coach	  
‘Coaching	  during	  
consultation’	  
I	  felt	  that	  the	  case	  was	  at	  the	  appropriate	  level	  of	  difficulty	  
for	  my	  level	  of	  training.	  
4.10	   .758	  
EVIP8-­‐Coach	   The	  questions	  I	  was	  asked	  while	  working	  through	  this	  case	  
were	  helpful	  in	  enhancing	  my	  diagnostic	  reasoning	  in	  this	  
case.	  
4.21	   .608	  
EVIP9-­‐Coach	   The	  feedback	  I	  received	  was	  helpful	  in	  enhancing	  my	  
diagnostic	  reasoning	  in	  this	  case.	  
4.22	   .653	  
EVIP10-­‐Learn	  
‘Learning	  effect	  
of	  consultation’	  
While	  working	  through	  this	  case,	  I	  was	  actively	  engaged	  in	  
creating	  a	  short	  summary	  of	  the	  patient’s	  problem	  using	  
medical	  terms.	  
4.07	   .677	  
EVIP11-­‐Learn	   After	  completing	  this	  case,	  I	  feel	  better	  prepared	  to	  confirm	  a	  
diagnosis	  and	  exclude	  differential	  diagnoses	  in	  a	  real	  life	  
patient	  with	  this	  complaint.	  
4.13	   .635	  
EVIP12-­‐Global	   ‘Overall	  
judgement’	  
Overall,	  working	  through	  this	  case	  was	  a	  worthwhile	  learning	  
experience:	  Not	  used,	  substituted	  with	  questions	  relating	  to	  
design.	  
N/A	  
Total:	  All	  returned	  EViP	  questionnaires-­‐	  n=1229)	   	   44.84	  /55	   5.33	  
Total	  linked	  to	  an	  individual	  student	  ID	  (n=1138)	   44.94/55	   5.44	  
	  
	  
Note.	  Although	  widely	  adopted,	  this	  questionnaire	  has	  not	  been	  formally	  validated.	  The	  reliability	  of	  the	  items	  is	  supported	  by	  a	  Cronbach’s	  
alpha	  of	  0.894	  (95%	  C.I.	  0.89-­‐0.90).	  This	  demonstrates	  good	  internal	  consistency,	  supporting	  the	  questionnaire	  items	  measure	  the	  same	  
construct:	  	  a	  value	  of	  0.7	  or	  higher	  is	  acceptable,	  with	  values	  of	  over	  0.8	  preferred	  (Tabachnick	  and	  Fidell,	  2007).	  Calculating	  Cronbach’s	  alpha	  
when	  removing	  any	  one	  of	  the	  11	  questions	  resulted	  in	  a	  lower	  Cronbach’s	  alpha	  in	  every	  case,	  suggesting	  no	  question	  items	  should	  be	  
removed.	  The	  complete	  inter-­‐item	  correlation	  matrix	  is	  shown	  in	  appendix	  5.	  
Table	  18	  Outline	  of	  the	  EViP	  questionnaire	  items	  (Huwendiek	  and	  de	  Leng,	  2010),	  and	  metrics	  from	  all	  1229	  
completed	  evaluations	  returned.	  Each	  item	  is	  a	  1-­‐5	  Likert	  scale	  from	  strongly	  disagree-­‐	  strongly	  agree.	  
	  
For	  completeness	  I	  present	  the	  descriptive	  statistics	  for	  all	  completed	  cases	  in	  Table	  
19.	  In	  the	  study	  protocol,	  and	  participant	  flow	  diagram	  (Figure	  28,	  p.160),	  the	  
primary	  analysis	  is	  based	  on	  students	  completing	  all	  four	  VP	  cases.	  I	  have	  presented	  
the	  case	  metrics	  in	  boxplots	  in	  Table	  20,	  which	  supports	  the	  similarities	  between	  the	  
cases	  for	  time	  (Table	  20a),	  steps	  (Table	  20b,	  clinical	  reasoning	  scores	  (Table	  20c),	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overall	  case	  score	  (Table	  20d)	  and	  evaluation	  score	  (Table	  20e).	  I	  have	  used	  a	  
standard	  representation	  of	  boxplots	  in	  this	  thesis,	  see	  6.1.12.1,	  p.155.	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N	   Mean	  
Std.	  
Deviation	   Std.	  Error	  
95%	  C.I.	  for	  Mean	  
Minimum	   Maximum	  
Lower	  
Bound	  
Upper	  
Bound	  
Time	  (Minutes)	   Case	  1	   537	   28.32	   13.29	   0.56	   27.21	   29.42	   1.20	   96.00	  
Case	  2	   451	   28.81	   14.06	   0.63	   27.56	   30.05	   3.68	   114.00	  
Case	  3	   426	   27.54	   13.04	   0.62	   26.33	   28.75	   1.18	   88.00	  
Case	  4	   359	   27.54	   15.12	   0.77	   26.03	   29.06	   1.52	   118.00	  
Total	   1773	   28.10	   13.83	   0.32	   27.48	   28.73	   1.18	   118.00	  
Steps	   Case	  1	   537	   55.95	   7.067	   .305	   55.35	   56.55	   36	   88	  
Case	  2	   451	   55.55	   6.631	   .312	   54.93	   56.16	   35	   73	  
Case	  3	   426	   51.49	   5.977	   .290	   50.92	   52.06	   34	   67	  
Case	  4	   359	   62.49	   7.597	   .401	   61.70	   63.28	   37	   74	  
Total	   1773	   56.10	   7.744	   .184	   55.74	   56.46	   34	   88	  
Diagnosis	   Case	  1	   537	   1.88	   .336	   .015	   1.85	   1.90	   0	   2	  
Case	  2	   451	   1.57	   .601	   .028	   1.51	   1.62	   0	   2	  
Case	  3	   426	   1.45	   .643	   .031	   1.39	   1.51	   0	   2	  
Case	  4	   359	   .50	   .501	   .026	   .45	   .56	   0	   2	  
Total	   1773	   1.42	   .717	   .017	   1.38	   1.45	   0	   2	  
KFP	   Case	  1	   537	   4.32	   1.39	   0.06	   4.21	   4.44	   0	   8	  
Case	  2	   451	   4.51	   1.45	   0.07	   4.37	   4.64	   0.33	   8	  
Case	  3	   426	   4.30	   1.62	   0.08	   4.15	   4.46	   0.33	   8	  
Case	  4	   359	   3.97	   1.30	   0.07	   3.83	   4.11	   0.66	   7	  
Total	   1773	   4.29	   1.46	   0.03	   4.23	   4.36	   0	   7	  
Clinical	  Decisions	   Case	  1	   537	   2.64	   0.98	   0.04	   2.55	   2.72	   0	   4	  
Case	  2	   451	   2.51	   0.92	   0.04	   2.42	   2.59	   0	   4	  
Case	  3	   426	   2.63	   1.13	   0.06	   2.52	   2.73	   0	   4	  
Case	  4	   359	   2.87	   0.91	   0.05	   2.78	   2.97	   0	   4	  
Total	   1773	   2.65	   1.00	   0.02	   2.60	   2.69	   0	   4	  
Bayes	  Reasoning	   Case	  1	   537	   0.03	   0.18	   0.01	   0.02	   0.05	   0	   1	  
Case	  2	   451	   0.17	   0.38	   0.02	   0.14	   0.21	   0	   1	  
Case	  3	   426	   0.26	   0.44	   0.02	   0.22	   0.30	   0	   1	  
Case	  4	   359	   0.17	   0.37	   0.02	   0.13	   0.21	   0	   1	  
Total	   1773	   0.15	   0.36	   0.01	   0.13	   0.17	   0	   1	  
Total	  score	   Case	  1	   537	   8.87	   1.86	   0.08	   8.71	   9.02	   2	   13.66	  
Case	  2	   451	   8.75	   2.07	   0.10	   8.56	   8.94	   2	   14	  
Case	  3	   426	   8.65	   2.43	   0.12	   8.41	   8.88	   2	   15	  
Case	  4	   359	   7.52	   1.88	   0.10	   7.32	   7.71	   2	   12.66	  
Total	   1773	   8.51	   2.13	   0.05	   8.41	   8.61	   2	   15	  
Evaluation	  
(authenticity)	  /10	  
Case	  1	   396	   8.08	   1.261	   .062	   7.96	   8.20	   2	   10	  
Case	  2	   299	   7.98	   1.303	   .075	   7.83	   8.13	   2	   10	  
Case	  3	   260	   8.10	   1.299	   .080	   7.94	   8.25	   4	   10	  
Case	  4	   183	   8.30	   1.086	   .080	   8.14	   8.46	   5	   10	  
Total	   1138	   8.09	   1.258	   .037	   8.02	   8.16	   2	   10	  
Evaluation	  
(professionalism)	  
/20	  
Case	  1	   396	   15.85	   2.177	   .107	   15.64	   16.06	   6	   20	  
Case	  2	   299	   16.01	   2.119	   .122	   15.77	   16.25	   4	   20	  
Case	  3	   260	   16.15	   2.435	   .151	   15.86	   16.45	   5	   20	  
Case	  4	   183	   16.48	   1.915	   .142	   16.20	   16.76	   12	   20	  
Total	   1138	   16.06	   2.193	   .064	   15.93	   16.19	   4	   20	  
Evaluation	  
(coaching)	  /15	  
Case	  1	   396	   12.80	   1.583	   .078	   12.64	   12.95	   4	   15	  
Case	  2	   299	   12.33	   2.066	   .119	   12.09	   12.56	   3	   15	  
Case	  3	   260	   12.33	   1.797	   .111	   12.11	   12.55	   7	   15	  
Case	  4	   183	   12.66	   1.463	   .108	   12.44	   12.87	   8	   15	  
Total	   1138	   12.55	   1.763	   .052	   12.45	   12.65	   3	   15	  
Evaluation	  
(Learning)	  /10	  
Case	  1	   396	   8.26	   1.195	   .059	   8.14	   8.37	   2	   10	  
Case	  2	   299	   8.11	   1.311	   .076	   7.96	   8.26	   2	   10	  
Case	  3	   260	   8.17	   1.201	   .074	   8.03	   8.32	   4	   10	  
Case	  4	   183	   8.36	   1.011	   .075	   8.21	   8.51	   5	   10	  
Total	   1138	   8.22	   1.203	   .035	   8.15	   8.29	   2	   10	  
Evaluation	  (Total)	   Case	  1	   396	   45.06	   5.296	   .270	   44.53	   45.59	   15	   55	  
Case	  2	   299	   44.43	   5.598	   .323	   43.79	   45.07	   11	   55	  
Case	  3	   260	   44.75	   5.833	   .361	   44.04	   45.47	   22	   55	  
Case	  4	   183	   45.80	   4.752	   .351	   45.10	   46.49	   31	   55	  
Total	   1138	   44.94	   5.435	   .162	   44.63	   45.26	   11	   55	  
Table	  19	  Performance	  metrics	  for	  the	  four	  cases	  sat	  by	  students. 
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Table	  20	  Boxplots	  for	  the	  case	  performance	  metrics	  2	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	  Footnote.	  A	  standard	  representation	  has	  been	  used	  Tabachnick,	  B.	  G.	  &	  Fidell,	  L.	  S.	  2012.	  Using	  multivariate	  statistics,	  Boston,	  
Mass.	  ;	  London,	  Pearson..The	  box	  represents	  the	  1st	  and	  3rd	  quartiles,	  or	  the	  inter-­‐quartile	  range	  (IQR).	  The	  line	  in	  the	  box	  
represents	  the	  median.	  The	  ‘whiskers’	  represent’	  1.5	  IQR	  from	  the	  edge	  of	  the	  box,	  data	  outside	  these	  points	  are	  represented	  as	  
either	  a	  circle	  of	  a	  star.	  A	  circle	  indicates	  an	  outlier	  further	  than	  1.5	  IQR	  from	  the	  edge	  of	  the	  box,	  but	  greater	  less	  than	  3	  IQR	  
away.	  A	  star	  demotes	  an	  outlier	  equal	  to	  or	  greater	  than	  3	  interquartile	  ranges	  from	  the	  edge	  of	  the	  box.	  
a)	  
	  
b)	  
	  
c)	  
	  
d)	  
	  
e)	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6.2.4.1. Missing	  data	  
In	  32	  cases	  performance	  data	  was	  unavailable	  due	  to	  unforeseen	  technical	  
problems,	  and	  student	  performance	  scores	  not	  being	  logged	  in	  the	  e-­‐learning	  
environment.	  The	  32	  cases	  involved	  32	  different	  students	  from	  all	  centres.	  The	  
source	  of	  this	  error	  was	  not	  clear,	  likely	  to	  be	  multifactorial	  including	  software,	  
hardware	  and	  authoring	  issues.	  As	  a	  proportion	  of	  all	  completed	  cases	  this	  is	  small,	  
1.8%	  (32/(1773+32)).	  This	  is	  represented	  on	  the	  participant	  flow	  diagram	  (Figure	  28,	  
page	  160).	  These	  students	  were	  excluded	  from	  the	  primary	  analysis,	  as	  they	  did	  not	  
have	  complete	  records	  for	  all	  four	  cases,	  and	  this	  has	  contributed	  to	  some	  of	  the	  
differences	  seen	  in	  group	  numbers.	  As	  shown	  in	  Figure	  29e	  (p.165),	  there	  were	  more	  
students	  in	  groups	  one	  and	  two.	  When	  accounting	  for	  missing	  data,	  there	  were	  no	  
differences	  in	  case	  completion	  rates	  by	  group	  for	  case	  2,	  3	  and	  4	  (Pearson	  Chi-­‐
squared	  p=0.19	  for	  case	  2;	  p=0.46	  for	  case	  3;	  p=0.44	  for	  case	  4;	  see	  Table	  21).	  There	  
were	  significant	  differences	  in	  completion	  rates	  by	  randomization	  for	  case	  1	  only,	  
with	  case	  2A	  (structured	  clinical	  reasoning	  present,	  branching	  absent)	  having	  fewer	  
completed	  cases	  than	  the	  other	  case	  designs	  (Pearson	  Chi-­‐squared	  p=0.008,	  see	  
Table	  21,	  p.	  174).	  The	  absolute	  numbers	  for	  case	  1	  were	  small	  (142,136,122,142).	  
Where	  data	  was	  missing	  from	  one	  case,	  the	  other	  cases	  students	  completed	  were	  
included	  in	  the	  secondary	  analysis.	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Case	  1	  Completed	  
Total	  Yes	   No	  
Randomised	  to	  group	   Group	  1	   136	   9	   145	  
Group	  2	   142	   5	   147	  
Group	  3	   122*	   21	   143	  
Group	  4	   142	   14	   156	  
Total	   542	   50	   591	  
Pearson	  Chi-­‐Square	   11.9,	  d.f.3,	  p=.008	  
	  
	  
Case	  2	  Completed	  
Total	  1.00	   2.00	  
Randomised	  to	  group	   Group	  1	   116	   29	   145	  
Group	  2	   128	   19	   147	  
Group	  3	   117*	   26	   143	  
Group	  4	   120*	   36	   156	  
Total	   481	   111	   591	  
Pearson	  Chi-­‐Square	   4.6,	  d.f.3,	  p=0.19	  
	  
	  
Case	  3	  completed	  
Total	  1.00	   2.00	  
Randomised	  to	  group	   Group	  1	   101	   44	   145	  
Group	  2	   112	   35	   147	  
Group	  3	   106	   37	   143	  
Group	  4	   107	   49	   156	  
Total	   426	   166	   591	  
Pearson	  Chi-­‐Square	  2.6,	  d.f.3,	  p=0.46	  
	  
	  
Case	  4	  Completed	  
Total	  Yes	   No	  
Randomised	  to	  group	   Group	  1	   89	   56	   145	  
Group	  2	   96	   52	   148	  
Group	  3	   87	   56	   143	  
Group	  4	   87	   69	   156	  
Total	   359	   233	   591	  
Pearson	  Chi-­‐Square	   2.69,	  d.f.3,	  p=0.44	  
*Includes	  cases	  where	  case	  completed	  but	  data	  missing	  (n=5	  for	  case	  1,	  n=29	  for	  case	  4.	  	  	  
Table	  21	  Case	  completion	  rates	  for	  each	  of	  the	  four	  cases	  (the	  four	  clinical	  topics)	  by	  randomised	  group.	  	  
	  
There	  was	  no	  ‘incomplete’	  case	  evaluation	  data	  as	  students	  could	  only	  submit	  
completed	  cases.	  There	  was	  a	  separate	  (identical)	  evaluation	  for	  each	  case,	  however	  
to	  link	  the	  evaluation	  with	  the	  student,	  the	  student	  had	  to	  type	  their	  7-­‐9	  digit	  
student	  ID.	  I	  could	  not	  match	  student	  IDs	  for	  93/1229	  evaluations	  (7.6%)	  meaning	  
1136	  complete	  evaluations	  were	  usable,	  response	  rate	  1136/1773	  (64.0%).	  For	  
students	  completing	  all	  four	  cases,	  772/1184	  complete	  evaluations	  were	  received	  
(65.2%)	  students.	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6.2.4.2. 	  Data	  from	  WMS	  only	  	  
Descriptive	  statistics	  for	  the	  WMS	  assessment	  results	  are	  shown	  in	  Table	  22.	  
This	  includes	  the	  diagnostic	  thinking	  inventory	  results	  (Bordage	  et	  al.,	  1990)	  pre	  and	  
post	  intervention,	  and	  a	  written	  summative	  assessment	  paper	  (IPE	  written),	  a	  
summative	  two	  station	  clinical	  exam	  (IPE	  clinical),	  penalty	  points	  accrued	  in	  the	  
summative	  clinical	  exam	  (IPE	  penalty	  point)	  and	  the	  total	  score	  in	  a	  MSK	  assessment.	  
 
 
	   N	   Minimum	   Maximum	   Mean	   SD	  
End	  of	  block	  assessment	   	   	   	   	   	  
MSK	  written	  (/51)	   216	   34.0	   51.0	   45.6	   3.5	  
MSK	  OSCE	  (/30)	   216	   18.0	   29.0	   24.3	   2.3	  
End	  of	  Year	  assessment	   	   	   	   	   	  
End	  of	  year	  written	  (/118)	   228	   56.0	   111.0	   88.7	   10.8	  
End	  of	  year	  clinical	  (/80,	  negatively	  
marked)	  
228	   -­‐10.0	   58.0	   29.9	   10.3	  
Pre-­‐post	  VP	  assessments*	  	   	   	   	   	   	  
DTI	  Pre-­‐VP	  	   133§	   105.0	   208.0	   163.6	   17.6	  
DTI	  Post-­‐VP	  	   85	   112.0	   221.0	   163.6	   18.0	  
*Note:	  the	  DTI	  was	  offered	  to	  161	  consecutive	  students	  participating	  at	  the	  WMS	  site.	  	  
71/232	  students	  were	  not	  offered	  the	  DTI.	  
	  
Table	  22	  Descriptive	  Statistics	  for	  additional	  data	  collected	  from	  WMS.	  	  
	  
There	  were	  no	  significant	  differences	  in	  summative	  clinical	  and	  written	  assessment	  
scores	  between	  students	  who	  consented	  to	  participate	  and	  those	  that	  did	  not	  (all	  
p>0.6),	  or	  with	  students	  who	  completed	  ≥2	  VPs	  compared	  to	  those	  who	  completed	  
0-­‐1	  VPs	  (all	  P>0.6).	  This	  is	  shown	  in	  Table	  23,	  p.176.	  Furthermore	  as	  with	  the	  cohort	  
as	  a	  whole,	  performance	  and	  evaluation	  was	  not	  significantly	  different	  in	  those	  that	  
completed	  a	  0-­‐1	  cases	  and	  those	  that	  completed	  ≥2	  VPs	  (p>0.25,	  independent	  
samples	  t-­‐test,	  see	  Table	  23).	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Cases completed N Mean Std. Deviation 
Sig. (2-
tailed) 
Mean 
Difference Lower Upper 
MSK Written* >= 2 185 45.6 3.4 .386 -.55 -1.9 0.8 
< 2 31 46.1 3.9     
MSK OSCE* >= 2 185 24.3 2.3 .932 -.069 -0.9 .9 
< 2 31 24.3 2.3     
IPE written (out of 118)+ >= 2 193 88.9 10.7 .824 0.60 -3.5 4.4 
< 2 35 88.3 11.7     
NEW IPE clinical+ >= 2 193 29.8 10.1 .860 0.44 -3.4 4.1 
< 2 35 29.6 11.9     
Mean VP Evaluation¶ >= 2 178 43.2  5.1  .441 1.06 -1.6 3.7 
< 2 17 42.1  8.5      
Mean VP score¶ >= 2 194 8.0 1.4 .241 0.41 -0.3 1.1 
1 or 2 21 7.6 2.1 .    
*MSK written paper, and MSK OSCE complete results, N=216/232 
+IPE Written and IPE clinical complete results N=228/232 
¶n=215. [215/218 consenting students consented and completed cases from WMS]  
 
Table	  23	  Case	  completion	  rates	  did	  not	  predict	  performance	  in	  exams,	  and	  VP	  performance	  metrics	  did	  not	  
predict	  who	  would	  go	  on	  to	  complete	  further	  cases. 
 
6.2.5. Tests	  of	  Normality	  	  
I	  have	  conducted	  tests	  of	  normality	  for	  each	  of	  the	  dependent	  variables	  including	  
patterns	  of	  use	  and	  time	  spent	  in	  the	  cases,	  and	  performance.	  I	  have	  used	  a	  QQ	  plot	  
(or	  quantile-­‐quantile	  plot)	  to	  display	  the	  normality	  of	  the	  distributions,	  plotting	  the	  
observed	  values	  (x-­‐axis)	  against	  a	  normal	  distribution	  (y-­‐axis).	  QQ	  plots	  will	  highlight	  
individual	  outliers	  and	  skewed	  distributions.	  The	  VP	  performance	  scores	  (Figure	  30a,	  
b),	  KFP	  scores	  (Figure	  30	  c,	  d),	  and	  evaluations	  (Figure	  30	  e,	  f)	  can	  be	  seen	  to	  be	  
approximately	  normally	  distributed	  from	  the	  QQ	  plots	  and	  histograms	  (p.178).	  The	  
evaluation	  scores	  are	  also	  normally	  distributed,	  and	  are	  skewed	  to	  the	  right	  (as	  
evidenced	  from	  the	  histogram,	  and	  the	  QQ	  plot).	  This	  means	  students	  were	  more	  
likely	  to	  report	  a	  more	  positive	  evaluation.	  The	  patterns	  of	  use	  metrics	  are	  also	  
largely	  normally	  distributed.	  This	  is	  shown	  in	  QQ	  plots	  and	  histograms	  in	  Figure	  31	  a-­‐
f,	  page	  179.	  This	  shows	  QQ	  plots	  and	  histograms	  for	  the	  number	  of	  steps	  taken	  and	  
time	  spent	  per	  case.	  The	  number	  of	  steps	  taken	  during	  the	  case	  (Figure	  31a	  and	  
Figure	  31b)	  is	  normally	  distributed.	  The	  histogram	  and	  QQ	  plot	  show	  the	  time	  spent	  
per	  case	  does	  show	  a	  normal	  distribution	  with	  a	  skew	  to	  the	  left	  (Figure	  31c,	  and	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Figure	  31d).	  As	  expected,	  by	  taking	  a	  log	  of	  the	  time	  spent,	  the	  skew	  is	  largely	  
removed	  (Figure	  31e	  and	  Figure	  31f).	  The	  assessment	  data	  I	  have	  collected	  from	  
students	  from	  one	  centre	  (WMS)	  is	  also	  normally	  distributed	  in	  terms	  of	  the	  IPE	  
clinical	  examination	  score,	  and	  their	  musculoskeletal	  exam.	  This	  is	  shown	  in	  Figure	  
32,	  p.180.	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a)	  
	  
	  
b)
	  
c)	  
	  
d)	  
	  
e)	  
	  
f)	  
	  
Figure	  30	  QQ	  plots	  and	  histograms	  for	  VP	  performance	  scores	  (a,b),	  KFPs	  (c,d),	  and	  EViP	  evaluations	  (e,f),	  with	  
the	  suggestion	  of	  a	  skew	  to	  the	  right	  in	  the	  QQ	  pots.	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a)	  
	  
	  
b)	  
	  
c)	  
	  
d)	  
	  
	  
e)	  
	  
f)	  
	  
Figure	  31	  QQ	  plots	  and	  histograms	  showing	  steps	  taken	  per	  case	  (a,b)	  time	  taken	  (c,d),	  and	  log(time)	  (e,f)	  	  The	  
distribution	  of	  minutes	  per	  case	  suggests	  a	  long	  tail	  at	  each	  side	  of	  the	  distribution.	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a)	  
	  
b)	  	  
	  
c)	  
	  
d)	  
	  
e)	  
	  
f)	  
	  
	  
Figure	  32	  Descriptive	  statistics	  of	  assessment	  data	  from	  WMS.	  This	  shows	  QQ	  (a,c,e)	  plots	  and	  histograms	  for	  
(b,d,f):	  	  summative	  end	  of	  year	  written	  examination	  performance	  (a,b);	  the	  MSK	  end	  of	  block	  exam	  (c,d);	  and	  
the	  summative	  clinical	  exam	  (e,f).	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6.2.5.1. Other	  WMS	  metrics	  
The	  diagnostic	  thinking	  inventory	  (DTI)	  scores	  were	  also	  normally	  distributed	  (see	  
a,b,c).	  	  
	  
	  
a)	  QQ	  plot	  (n=131)	  
	  
	  
b)	  Histogram	  of	  Pre-­‐test	  DTI	  Scores	  (n=133)	  
	  
c)	  Boxplot	  of	  Scores	  (pre	  test,	  N=133)	  
	  
Figure	  33	  QQ	  plot	  (a),	  histogram	  (b)	  and	  boxplot	  (c)	  of	  DTI	  scores	  from	  133	  WMS	  students	  before	  completing	  a	  
VP.	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6.2.5.2. Descriptive	  statistics	  by	  case	  and	  institution	  for	  students	  
completing	  all	  four	  cases	  
Boxplots	  for	  the	  performance	  in	  the	  four	  cases	  are	  shown	  below	  in	  Figure	  34.	  	  
	  
	  	  
 
Figure	  34	  Boxplot	  for	  scores	  in	  the	  four	  cases	  (N=1773) 
	  
	  
	  
	  
6.2.6. Primary	  Analysis:	  Unadjusted	  for	  two	  independent	  variables	  	  
The	  primary	  analysis	  was	  for	  students	  who	  completed	  all	  four	  cases	  (n=296).	  In	  the	  
study	  protocol	  (Bateman	  et	  al.,	  2012a)	  I	  set	  an	  educationally	  significant	  intervention	  
as	  a	  5%	  improvement	  for	  one	  of	  the	  independent	  design	  variables,	  and	  a	  10%	  
improvement	  in	  VP	  case	  evaluation	  scores.	  The	  data	  analysis	  is	  an	  (unadjusted)	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independent	  T-­‐test	  for	  the	  two	  groups,	  with	  the	  exception	  of	  the	  categorical	  variable	  
(Bayesian	  reasoning,	  correct	  or	  incorrect).	  	  Significance	  is	  set	  at	  p<0.05.	  	  
	  
For	  ‘structured	  clinical	  reasoning	  instruction’	  (SR)	  there	  were	  significant	  differences	  
for	  the	  number	  of	  correct	  diagnoses,	  clinical	  decisions,	  Bayesian	  reasoning	  (Table	  24)	  
and	  preference	  as	  a	  learning	  case	  (Table	  25).	  When	  SR	  was	  absent,	  students	  had	  
significantly	  more	  correct	  diagnoses	  (7.5%	  improvement),	  better	  clinical	  decisions	  
(3.3%	  improvement).	  When	  SR	  was	  present,	  students	  had	  higher	  Bayes	  reasoning	  
scores	  (7%	  improvement).	  Overall	  there	  was	  an	  improvement	  seen	  in	  the	  overall	  
score	  0.29,	  or	  1.9%	  (95%	  CI	  0.05	  to	  0.53)	  when	  structured	  clinical	  reasoning	  was	  not	  
present.	  The	  only	  item	  that	  met	  the	  pre-­‐determined	  improvement	  in	  performance	  of	  
exceeding	  a	  5%	  difference	  was	  the	  Bayesian	  reasoning	  decision	  (7%	  difference).	  
	  
For	  ‘branching’	  as	  a	  design	  variable,	  there	  were	  no	  significant	  differences	  seen	  for	  
performance	  any	  marker	  of	  VP	  performance,	  or	  student	  evaluation	  (Table	  24).	  
Students	  did	  not	  prefer	  branching	  either	  for	  the	  case	  being	  more	  realistic,	  or	  a	  better	  
learning	  experience	  (Table	  25).	  	  
	  
Of	  the	  296	  students	  who	  completed	  all	  four	  cases,	  193	  completed	  an	  evaluation	  
expressing	  case	  preference	  (65.2%).	  Students	  were	  asked	  to	  indicate	  which	  case	  was	  
the	  best	  for	  learning	  and	  which	  case	  was	  the	  most	  realistic.	  Students	  were	  asked	  to	  
specify	  a	  case	  (1-­‐4),	  and	  the	  analysis	  is	  based	  on	  the	  case	  design	  they	  had	  for	  that	  
case.	  The	  significant	  finding	  here	  (p<0.001)	  was	  the	  students’	  preference	  for	  
structured	  clinical	  reasoning	  (70.4%)	  as	  a	  better	  learning	  experience,	  with	  also	  a	  non-­‐
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significant	  preference	  for	  this	  as	  a	  realistic	  design	  feature	  (55.4%	  vs.	  45.6%;	  see	  
Table	  25).	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   Branching	  	   Structured	  Clinical	  Reasoning	  Instruction	  
	   Absent	  (n=592)	   Present	  (n=592)	   Absent	  
(n=592)	  
Present	  
(n=592)	  
Score:	  Diagnosis	  (/2)	   1.34	   1.36	   1.43	   1.28	  
Difference	   -­‐0.2(-­‐0.11	  to	  0.06)	   	   0.15	  (0.07-­‐0.24)	   	  
P	  Value	   0.627	   	   0.000*	   	  
Score:	  KFP	  (/8)	   4.26	   4.39	   4.36	   4.28	  
Difference	   -­‐0.13	  (-­‐0.29	  to	  0.04)	   	   0.08	  (-­‐0.9	  to	  0.24)	   	  
P	  Value	   0.130	   	   .348	   	  
Score:	  Clinical	  Decisions	  (/4)	   2.73	   2.67	   2.76*	   2.64	  
Difference	   0.07	  (-­‐0.05	  to	  0.18)	   	   0.13	  (0.01	  to	  0.24)	   	  
P	  Value	   0.246	  
	  
	   0.027*	   	  
Score:	  Bayes	  Reasoning	  (/1)	   0.15	   0.16	   0.12	   0.19*	  
Difference	   -­‐0.02	  (0.06	  to	  0.02)	   	   -­‐0.07	  (-­‐0.11	  to	  -­‐0.03)	   	  
P	  Value+	   	   	   0.001*	  	   	  
Total	  Score:	  (/15)	   8.49	   8.59	   8.68*	   8.39	  
Difference	   -­‐0.1	  (-­‐0.34	  to	  0.14)	   	   0.29	  (0.05	  to	  0.53)	   	  
P	  Value	   0.404	   	   0.019*	   	  
	   	   	   	   	  
EViP	  Evaluation	  (/55)	   Absent	  (n=360)	   Present	  (n=412)	   Absent	  (n=412)	   Present	  
(n=360)	  
	   44.88	   45.07	   44.97	   44.98	  
Difference	  	   -­‐0.19	  (-­‐0.9	  to	  0.55)	   	   0.01	  (-­‐0.76	  to	  0.74)	   	  
P	  value	   .609	  
	  
	   0.978	   	  
*significant	  at	  the	  0.05%	  level.	  
+all	  tests	  shown	  independent	  T-­‐test	  other	  than	  Bayes	  reasoning	  (Pearson	  Chi	  squared)	  
Table	  24	  Primary	  outcome	  measures	  for	  the	  four	  possible	  case	  designs	  (students	  who	  completed	  all	  four	  cases,	  
n=296).	  	  
	  
	   Branching	  Preference	   Structured	  clinical	  Reasoning	  Instruction	  
‘Best	  for	  learning’	   Absent	  	   Present	  	   Absent	  
	  
Present	  
	  
Case	  design	  
preference	  
	  
93	  (48.2%)	   100	  (51.8%)	   57	  *(29.5%)	   136*	  (70.5%)	  
	   Asymp.	  Sig.	  0.614,	  Pearson	  Chi-­‐square	  0.254	  a	   *Asymp.	  Sig<.0005,	  Pearson	  Chi-­‐square	  
32.337	  a	  
‘Most	  realistic’	   	   	   	   	  
Case	  design	  
preference	  
88	  (45.6%)	   105	  (54.4%)	   88	  (45.6%)	   105	  (54.4%)	  
	   Asymp.	  Sig=	  0.349	  Pearson	  Chi-­‐square	  0.876	  a	   Asymp.	  Sig.=0.221	  Pearson	  Chi-­‐square	  1.497a	  
• Significant	  at	  the	  0.001	  level	  
• 	  
Table	  25	  Primary	  outcome	  measure:	  preference	  of	  case	  for	  learning	  and	  realism,	  Chi-­‐square	  test.	  	  
	  
	   	  
The	  complete	  primary	  analysis	  for	  the	  two	  independent	  variables	  for	  all	  metrics	  is	  
shown	  for	  structured	  clinical	  reasoning	  instruction	  in	  6.2.6.1,	  and	  for	  branching	  in	  
6.2.6.2.	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6.2.6.1. Unadjusted	  secondary	  analyses:	  structured	  clinical	  reasoning	  
skills	  
The	  secondary	  analysis	  looked	  at	  other	  case	  factors	  including	  time	  spent	  per	  case,	  
steps,	  and	  a	  breakdown	  of	  the	  individual	  components	  of	  the	  EViP	  evaluation.	  Where	  
structured	  reasoning	  was	  present,	  students	  spent	  more	  time	  (2.4	  minutes,	  
P<0.0005),	  took	  more	  steps	  (9.8,	  P<0.0005),	  made	  significantly	  fewer	  correct	  clinical	  
decisions	  (0.13,	  P<0.05).	  In	  the	  secondary	  analysis	  of	  the	  students	  EVIP	  evaluations,	  
there	  was	  a	  significantly	  higher	  score	  for	  the	  ‘coaching’	  domain	  in	  the	  evaluation	  in	  
cases	  where	  structured	  reasoning	  was	  absent	  (difference	  0.28,	  or	  1.9%	  difference,	  
P<0.01).	  This	  change	  was	  reflected	  in	  the	  primary	  analysis	  but	  did	  not	  reach	  
conventional	  statistical	  significance	  (P=0.058),	  nor	  did	  it	  meet	  the	  predetermined	  
10%	  improvement	  in	  evaluation	  scores	  I	  had	  set	  as	  educationally	  significant	  
(Bateman	  et	  al.,	  2012a).	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Primary	  analysis	  (unadjusted):	  Structured	  Clinical	  Reasoning	  Instruction	  (SR)	  (296	  students,	  1184	  cases)	  	  
	   SR	  
N	   Mean	   SD	  
Std.	  Error	  
Mean	   Sig	  (2-­‐tailed)	  
Mean	  
Difference	  
Std.	  Error	  
Difference	   95%	  C.I.	  difference	  
Minutes**	   Absent	   592	   27.54	   12.42	   .51	   .003**	   -­‐2.37	   .79	   -­‐3.92	   -­‐.81	  
Present	   592	   29.91	   14.75	   .61	   	   	   	   	   	  
Steps**	   Absent	   592	   51.74	   5.24	   .22	   .000**	   -­‐9.89	   .36	   -­‐10.59	   -­‐9.19	  
Present	   592	   61.64	   6.93	   .28	   	   	   	   	   	  
Diagnosis**	   Absent	   592	   1.43	   .71	   .03	   .000**	   .15	   .04	   .07	   .24	  
Present	   592	   1.28	   .76	   .03	   	   	   	   	   	  
KFP	   Absent	   592	   4.37	   1.48	   .06	   .348	   .08	   .08	   -­‐.09	   .24	  
Present	   592	   4.29	   1.39	   .06	   	   	   	   	   	  
Clinical	  Decisions	   Absent	   592	   2.76	   .94	   .04	   .027**	   .13	   .06	   .01	   .24	  
Present	   592	   2.64	   1.02	   .04	   	   	   	   	   	  
Bayes	  
Reasoning**	  
Absent	   592	   .12	   .33	   .01	   .001**	  +	   -­‐.07	   .02	   -­‐.11	   -­‐.03	  
Present	   592	   .19	   .39	   .02	   	   	   	   	   	  
Total	  score*	   Absent	   592	   8.68	   2.15	   .09	   .019*	   .29	   .12	   .05	   .53	  
Present	   592	   8.39	   2.08	   .09	   	   	   	   	   	  
Evaluation	  
(authenticity)	  
	   412	   8.13	   1.22	   .06	   .640	   .04	   .09	   -­‐.13	   .22	  
	   360	   8.09	   1.27	   .07	   	   	   	   	   	  
Evaluation	  
(professionalism)	  
Absent	   412	   15.94	   2.07	   .10	   .117	   -­‐.24	   .16	   -­‐.55	   .06	  
Present	   360	   16.19	   2.28	   .12	   	   	   	   	   	  
Evaluation	  
(coaching)	  
Absent	   412	   12.66	   1.74	   .09	   .055	   .23	   .12	   -­‐.01	   .47	  
Present	   360	   12.43	   1.60	   .08	   	   	   	   	   	  
Evaluation	  
(Learning)	  
Absent	   412	   8.24	   1.12	   .05	   .972	   .00	   .08	   -­‐.16	   .15	  
Present	   360	   8.24	   1.11	   .06	   	   	   	   	   	  
Evaluation	  (Total)	   Absent	   412	   44.97	   5.14	   .26	   .978	   -­‐.01	   .38	   -­‐.76	   .74	  
Present	   360	   44.98	   5.36	   .28	   	   	   	   	   	  
Secondary	  analysis	  (unadjusted):	  Structured	  Clinical	  Reasoning	  Instruction.	  572	  students,	  1773	  cases	  
Minutes**	   Absent	   907	   27.32	   12.60	   .42	   .000**	   -­‐2.72	   .65	   -­‐3.99	   -­‐1.45	  
Present	   865	   30.04	   14.62	   .50	   	   	   	   	   	  
Log(10)Minutes**	   Absent	   907	   1.396	   .188	   .006	   .000	   -­‐.038	   .009	   -­‐.0562	   -­‐.0207	  
Present	   865	   1.4345	   .193	   .006	   	   	   	   	   	  
Steps**	   Absent	   907	   51.32	   5.23	   .17	   .000**	   -­‐9.79	   .29	   -­‐10.35	   -­‐9.23	  
Present	   866	   61.11	   6.72	   .23	   	   	   	   	   	  
KFP	   Absent	   907	   4.30	   1.48	   .05	   .373	   .03	   .03	   -­‐.04	   .10	  
Present	   866	   4.29	   1.43	   .05	   	   	   	   	   	  
Diagnosis	   Absent	   907	   1.43	   .705	   .023	   .849	   .01	   .07	   -­‐.12	   .15	  
Present	   866	   1.40	   .729	   .025	   	   	   	   	   	  
Clinical	  Decisions*	   Absent	   907	   2.70	   .97	   .032	   .027*	   .10	   .05	   .01	   .20	  
Present	   866	   2.59	   1.02	   .035	   	   	   	   	   	  
Bayes	  
Reasoning**	  
Absent	   907	   .12	   .32	   .011	   .001*+	   -­‐.06	   .02	   -­‐.10	   -­‐.03	  
Present	   866	   .18	   .39	   .013	   	   	   	   	   	  
Total	  score	   Absent	   907	   8.55	   2.15	   .07	   .405	   .08	   .10	   -­‐.11	   .28	  
Present	   866	   8.47	   2.10	   .07	   	   	   	   	   	  
Evaluation	  
(authenticity)	  
Absent	   598	   8.14	   1.27	   .05	   .154	   .11	   .07	   -­‐.04	   .25	  
Present	   540	   8.04	   1.25	   .05	   	   	   	   	   	  
Evaluation	  
(professionalism)	  
Absent	   598	   16.04	   2.13	   .09	   .724	   -­‐.05	   .13	   -­‐.30	   .21	  
Present	   540	   16.08	   2.27	   .10	   	   	   	   	   	  
Evaluation	  
(coaching)**	  
Absent	   598	   12.68	   1.81	   .07	   .009*	   .27	   .10	   .07	   .47	  
Present	   540	   12.41	   1.70	   .07	   	   	   	   	   	  
Evaluation	  
(Learning)	  
Absent	   598	   8.26	   1.18	   .05	   .267	   .08	   .07	   -­‐.06	   .22	  
Present	   540	   8.17	   1.23	   .05	   	   	   	   	   	  
Evaluation	  (Total)	   Absent	   598	   45.14	   5.36	   .22	   .180	   .43	   .32	   -­‐.20	   1.06	  
Present	   540	   44.70	   5.50	   .24	   	   	   	   	   	  
*significant	  at	  p<0.05.	  	  **significant	  at	  p<0.01	  
+Pearson	  Chi	  square,	  see	  table	  27.	  
Table	  26	  Primary	  (students	  who	  completed	  all	  four	  cases)	  and	  secondary	  analysis	  (all	  completed	  cases)	  
comparing	  structured	  clinical	  reasoning	  instruction	  (SR):	  present	  or	  absent.	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6.2.6.2. Unadjusted	  secondary	  analysis:	  branching	  	  
For	  branching	  case	  designs,	  the	  results	  are	  shown	  in	  Table	  27.	  The	  only	  significant	  
difference	  was	  the	  	  of	  the	  secondary	  analysis	  to	  the	  was	  the	  increased	  number	  of	  
steps	  taken	  (more	  steps	  where	  branching	  was	  absent,	  average	  1.02	  per	  case,	  
P<0.01).	  These	  extra	  steps	  represent	  students	  being	  redirected	  back	  onto	  the	  main	  
spine	  of	  the	  case	  in	  the	  linear	  scenarios.	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Primary	  analysis	  (unadjusted):	  Branching	  (296	  students,	  1184	  cases)	  	  
BRANCHING	  
N	   Mean	  
Std.	  
Devia’
n	  
Std.	  Error	  
Mean	  
Sig	  (2-­‐
tailed)	  
Mean	  
Differenc
e	  
Std.	  Error	  
Differenc
e	   95%	  C.I.	  difference	  
Minutes	   Absent	   592	   28.34	   13.07	   .54	   .330	   -­‐.77	   .80	   -­‐2.33	   .79	  
Present	   592	   29.11	   14.26	   .59	   	   	   	   	   	  
Steps**	   Absent	   592	   57.29	   7.98	   .33	   .010*	   1.18	   .46	   .28	   2.08	  
Present	   592	   56.10	   7.75	   .32	   	   	   	   	   	  
Diagnosis	   Absent	   592	   1.34	   .76	   .03	   .627	   -­‐.02	   .04	   -­‐.11	   .06	  
Present	   592	   1.36	   .72	   .03	   	   	   	   	   	  
KFP	   Absent	   592	   4.26	   1.38	   .06	   .130	   -­‐.13	   .08	   -­‐.29	   .04	  
Present	   592	   4.39	   1.48	   .06	   	   	   	   	   	  
Clinical	  Decisions	   Absent	   592	   2.73	   1.00	   .04	   .246	   .07	   .06	   -­‐.05	   .18	  
Present	   592	   2.67	   .97	   .04	   	   	   	   	   	  
Bayes	  Reasoning	   Absent	   592	   .15	   .35	   .01	   .370+	   -­‐.02	   .02	   -­‐.06	   .02	  
Present	   592	   .16	   .37	   .02	   	   	   	   	   	  
Total	  score	   Absent	   592	   8.49	   2.11	   .09	   .404	   -­‐.10	   .12	   -­‐.34	   .14	  
Present	   592	   8.59	   2.12	   .09	   	   	   	   	   	  
Evaluation	  
(authenticity)	  
Absent	   360	   8.06	   1.24	   .07	   .309	   -­‐.09	   .09	   -­‐.27	   .08	  
Present	   412	   8.15	   1.25	   .06	   	   	   	   	   	  
Evaluation	  
(professionalism)	  
Absent	   360	   16.01	   2.21	   .12	   .567	   -­‐.09	   .16	   -­‐.40	   .22	  
Present	   412	   16.10	   2.14	   .10	   	   	   	   	   	  
Evaluation	  
(coaching)	  
Absent	   360	   12.58	   1.64	   .09	   .694	   .05	   .12	   -­‐.19	   .28	  
Present	   412	   12.53	   1.72	   .08	   	   	   	   	   	  
Evaluation	  
(Learning)	  
Absent	   360	   8.22	   1.09	   .06	   .723	   -­‐.03	   .08	   -­‐.19	   .13	  
Present	   412	   8.25	   1.13	   .06	   	   	   	   	   	  
Evaluation	  (Total)	   Absent	   360	   44.88	   5.15	   .27	   .609	   -­‐.19	   .38	   -­‐.94	   .55	  
Present	   412	   45.07	   5.33	   .27	   	   	   	   	   	  
Secondary	  analysis	  (unadjusted):	  Branching.	  572	  students,	  1773	  cases	  
Minutes	   Absent	   874	   28.44	   13.21	   .45	   .534	   -­‐.40	   .65	   -­‐1.68	   .87	  
Present	   899	   28.84	   14.13	   .47	   	   	   	   	   	  
Steps	   Absent	   874	   56.62	   7.74	   .26	   .006**	   1.02	   .37	   .30	   1.74	  
Present	   899	   55.60	   7.72	   .26	   	   	   	   	   	  
KFP	   Absent	   874	   1.40	   .74	   .03	   .397	   -­‐.03	   .03	   -­‐.10	   .04	  
Present	   899	   1.43	   .69	   .02	   	   	   	   	   	  
Diagnosis	   Absent	   874	   4.23	   1.43	   .05	   .095	   -­‐.12	   .07	   -­‐.25	   .02	  
Present	   899	   4.35	   1.48	   .05	   	   	   	   	   	  
Clinical	  Decisions	   Absent	   874	   2.67	   1.00	   .03	   .281	   .05	   .05	   -­‐.04	   .14	  
Present	   899	   2.62	   .99	   .03	   	   	   	   	   	  
Bayes	  Reasoning	   Absent	   874	   .14	   .35	   .01	   .312+	   -­‐.02	   .02	   -­‐.05	   .02	  
Present	   899	   .16	   .37	   .01	   	   	   	   	   	  
Total	  score	   Absent	   874	   8.45	   2.15	   .07	   .260	   -­‐.11	   .10	   -­‐.31	   .08	  
Present	   899	   8.57	   2.10	   .07	   	   	   	   	   	  
Evaluation	  
(authenticity)	  
Absent	   536	   8.06	   1.24	   .05	   .394	   -­‐.063	   .074	   -­‐.209	   .082	  
Present	   618	   8.12	   1.27	   .05	   	   	   	   	   	  
Evaluation	  
(professionalism)	  
Absent	   536	   16.02	   2.23	   .10	   .609	   -­‐.07	   .14	   -­‐.324	   .19	  
Present	   618	   16.09	   2.16	   .09	   	   	   	   	   	  
Evaluation	  
(coaching)	  
Absent	   536	   12.59	   1.72	   .07	   .467	   .08	   .104	   -­‐.13	   .28	  
Present	   618	   12.51	   1.80	   .07	   	   	   	   	   	  
Evaluation	  
(Learning)	  
Absent	   536	   8.23	   1.20	   .05	   .825	   .02	   .071	   -­‐.12	   .16	  
Present	   618	   8.21	   1.21	   .05	   	   	   	   	   	  
Evaluation	  (Total)	   Absent	   536	   44.90	   5.32	   .23	   .837	   -­‐.07	   .32	   -­‐.70	   .57	  
Present	   618	   44.96	   5.52	   .22	   	   	   	   	   	  
+
Pearson	  Chi	  square,	  see	  table	  27	  	  	  	  	  	  	  *significant	  at	  p<0.05	  	  **significant	  at	  p<0.01	  	  
Table	  27	  Primary	  (students	  who	  completed	  all	  four	  cases)	  and	  secondary	  analysis	  (all	  completed	  cases)	  
comparing	  branching:	  present	  or	  absent.	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For	  clarity	  I	  present	  the	  comparison	  between	  the	  Bayesian	  reasoning	  for	  the	  two	  
design	  variables.	  This	  supports	  that	  the	  difference	  in	  Bayesian	  reasoning	  in	  the	  ‘SR’	  
variable	  was	  significant	  (P<0.001)	  however	  for	  the	  branching	  it	  was	  not	  (P=0.377).	  
	  
	  
A.)	  Branching	  
	  
Bayes	  Reasoning	  
Total	  Incorrect	   Correct	  
	  branching	   Absent	   506	   86	   592	  
Present	   495	   97	   592	  
Total	   1001	   183	   1184	  
Mean	  Bayes	  Score:	  Absent=	  15%,	  Present	  =16%	  
Pearson	  Chi-­‐square:	  .78,	  d.f.1,	  Asyp	  Sig	  (2-­‐sided)=0.377	  
	  
B.)	  Structured	  clinical	  reasoning	  instruction	  
	  
Bayes	  Reasoning	  
Total	  Incorrect	   Correct	  
Structured	  
reasoning	  
Absent	   521	   71	   592	  
Present	   480	   112	   592	  
Total	   1001	   183	   1184	  
Mean:	  Absent=	  12%	  Present	  =19%	  
Pearson	  Chi-­‐square:	  8.9,	  d.f.1,	  Asyp	  Sig	  (2-­‐sided)=<0.001	  
	  
Table	  28	  Bayes	  reasoning	  performance	  for	  the	  two	  independent	  design	  variables-­‐	  Pearson’s	  Chi	  Squared	  
	  
6.2.7. Planned	  Primary	  analysis:	  ANCOVA	  for	  the	  VP	  scores	  
Analysis	  of	  covariance	  (ANCOVA)	  was	  part	  of	  pre-­‐determined	  data	  analysis	  plan	  (see	  
6.1.12,	  p.154),	  to	  determine	  the	  main	  effects	  for	  the	  two	  independent	  variables	  
(branching	  and	  structured	  clinical	  reasoning	  instruction),	  and	  any	  interaction	  effects	  
between	  the	  design	  variables.	  This	  is	  part	  of	  the	  primary	  analysis	  from	  the	  296	  
students	  completing	  1184	  VPs.	  Each	  student	  completed	  one	  of	  the	  case	  designs	  (1a,	  
1b,	  2a,	  2b).	  	  ANCOVA	  allows	  the	  adjustment	  for	  other	  fixed	  factors,	  or	  categorical	  
predictor	  variables.	  The	  three	  variables	  I	  used	  were	  gender	  (M=117,	  F=179),	  
recruitment	  centre	  (WMS	  n=136,	  UBMS	  n=116,	  KMS	  n=44)	  and	  the	  VP	  case	  (case	  1-­‐
4).	  The	  ANVOCA	  was	  performed	  for	  the	  overall	  performance	  in	  the	  cases,	  and	  for	  the	  
total	  evaluation	  scores.	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6.2.7.1. Suitability	  for	  ANCOVA	  analysis	  
	  The	  error	  variance	  was	  equal	  across	  the	  groups	  supporting	  the	  use	  of	  ANCOVA	  as	  
defined	  by	  a	  Levine’s	  test	  showing	  no	  significant	  differences	  in	  the	  equality	  of	  the	  
error	  variance	  (Levine’s	  test:	  F=1.215,	  df189,	  df	  2	  1094,	  Sig=0.092).	  The	  results	  are	  
shown	  in	  Table	  29	  (p.192).	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Results	  for	  1184	  completed	  VPs	  by	  296	  students	  
A.)	  ANCOVA	  for	  main	  effects	  and	  between-­‐subjects	  effects	  for	  performance	  in	  the	  case	  (score	  /15)	  
Source	  
Type	  III	  Sum	  of	  
Squares	   df	   Mean	  Square	   F	   Sig.	  
Partial	  Eta	  
Squared	  
Corrected	  Model	   1128.632a	   89	   12.681	   3.332	   .000	   .213	  
Intercept	   33896.166	   1	   33896.166	   8907.438	   .000	   .891	  
Main	  effects	   	   	   	   	   	   	  
Structured	  Reasoning	  (SR)	   2.277	   1	   2.277	   .598	   .439	   .001	  
Branching	   2.784	   1	   2.784	   .732	   .393	   .001	  
Gender	   1.531	   1	   1.531	   .402	   .526	   .000	  
Recruiting	  centre	   162.925	   2	   81.462	   21.407	   .000	   .038	  
Case	  number	  (1-­‐4)	   67.809	   3	   22.603	   5.940	   .001	   .016	  
Interaction	  effects	   	   	   	   	   	   	  
SR	  	  *	  Branching	   1.112	   1	   1.112	   .292	   .589	   .000	  
SR	  	  *	  Gender	   .252	   1	   .252	   .066	   .797	   .000	  
SR	  	  *	  recruiting	  centre	   9.611	   2	   4.806	   1.263	   .283	   .002	  
SR	  	  *	  Case	   22.753	   3	   7.584	   1.993	   .113	   .005	  
Branching	  *	  gender	   1.249	   1	   1.249	   .328	   .567	   .000	  
Branching	  *	  recruiting	  
centre	  
1.277	   2	   .638	   .168	   .846	   .000	  
Branching	  *	  Case	  (1-­‐4)	   17.946	   3	   5.982	   1.572	   .194	   .004	  
Error	   4163.083	   1094	   3.805	   	   	   	  
Total	   91592.522	   1184	   	   	   	   	  
Corrected	  Total	   5291.715	   1183	   	   	   	   	  
 
	  
B.)	  Adjusted	  population	  means	  for	  independent	  variables	  
	  
	  
	   	   95%	  Confidence	  Interval	  
Independent	  Variable	  
Score	  per	  VP	  
(/15)	   Std.	  Error	  
Lower	  
Bound	  
Upper	  
Bound	  
Structured	  clinical	  reasoning	  
instruction	   	   	   	   	  
Absent	   8.641	   .109	   8.428	   8.855	  
Present	   8.650 a	   .113	   8.428	   8.872	  
Branching	   	   	   	   	  
Absent	   8.553 a	   .113	   8.332	   8.774	  
Present	   8.738 a	   .110	   8.523	   8.953	  
Structured	  reasoning	  *	  Branching	   	  
	  SR	   Branching	   	   	   	  
Absent	   Absent	   8.602 a	   .166	   8.276	   8.927	  
Absent	   Present	   8.683 a	   .140	   8.409	   8.957	  
Present	   Absent	   8.503 a	   .151	   8.206	   8.800	  
Present	   Present	   8.791 a	   .168	   8.462	   9.120	  
Fixed	  Factors	  (main	  effect	  
displayed)	   	   	   	   	  
Gender	   Male	   8.696 a	   .129	   8.443	   8.948	  
	   Female	   8.594 a	   .088	   8.421	   8.766	  
	   	   	   	   	   	  
Recruiting	  Centre	   WMS	   8.250 a	   .108	   8.037	   8.462	  
	   UBMS	   9.581 a *	   .137	   9.313	   9.849	  
	   KMS	   8.157 a	   .154	   7.854	   8.460	  
	   	   	   	   	   	  
VP	  case	  number	   1	   8.995a	   0.143	   8.715	   9.275	  
	   2	   8.973a	   0.143	   8.693	   9.253	  
	   3	   8.751a	   0.143	   8.471	   9.031	  
	   4	   7.605a **	   0.214	   7.186	   8.024	  
a.	  Based	  on	  modified	  population	  means	  
*P<0.001	  on	  post	  hoc	  (Tukey)	  tests	  as	  significantly	  higher	  than	  the	  other	  two	  centres	  
**p<0.001	  on	  post	  hoc	  (Tukey)	  test	  as	  significantly	  lower	  than	  other	  case	  designs	  
	  
Table	  29	  ANCOVA	  for	  the	  five	  fixed	  variables	  showing:	  A.)	  Main	  and	  interaction	  effects	  of	  the	  variables	  on	  case	  
scores	  (N=1184	  cases);	  B.)	  	  Adjusted	  population	  means	  (Gender,	  recruitment	  centre,	  structured	  reasoning,	  
branching,	  VP	  case	  number).	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The	  main	  effect	  for	  the	  two	  independent	  design	  variables	  on	  case	  performance	  was	  
not	  significant	  (structured	  reasoning	  F=.47	  p=0.491;	  branching	  F=0.73,	  p=0.393).	  
Furthermore	  there	  was	  no	  significant	  interaction	  effect	  between	  the	  two	  design	  
variables	  (F=0.29,	  p=0.59).	  This	  suggests	  that	  branching	  does	  not	  influence	  the	  
effectiveness	  of	  clinical	  reasoning	  instruction,	  and	  vice	  versa.	  There	  were	  no	  
significant	  interaction	  effects	  between	  the	  two	  design	  variables	  and	  gender,	  
recruitment	  centre,	  or	  case	  being	  completed	  (all	  p>0.1)	  
	  
There	  was	  a	  significant	  independent	  main	  effect	  for	  two	  of	  the	  fixed	  variables,	  the	  
recruitment	  centre	  (F=21.40,	  p<0.0005,	  partial	  Eta	  squared	  0.038,	  small	  effect	  size)	  
and	  case	  (F=5.94,	  p<0.001,	  partial	  Eta	  squared=0.016,	  small	  effect	  size).	  The	  effect	  
sizes	  for	  partial	  Eta	  squared	  used	  are	  as	  follows:	  small	  >0.01;	  Medium	  >0.06;	  Large	  
>0.14	  (Tabachnick	  and	  Fidell,	  2007).	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6.2.8. Planned	  Primary	  analysis:	  ANCOVA	  for	  the	  evaluation	  data.	  
The	  statistics	  for	  the	  completed	  evaluations	  are	  shown	  below	  for	  the	  296	  students	  
who	  completed	  four	  VPs.	  Evaluations	  were	  not	  compulsory,	  and	  the	  completion	  
rates	  used	  in	  the	  ANCOVA	  are	  shown	  below	  in	  Table	  30.	  
 
	   Value	  Label	   N	  (	  
Design	  structured	  reasoning	   1	   Absent	   412	  
2	   Present	   360	  
Design:	  branching	   1	   Absent	   360	  
2	   Present	   412	  
University	   1	   WMS	   365	  
2	   UBMS	   289	  
3	   KMS	   118	  
Gender	   1	   Male	   292	  
2	   Female	   480	  
Case	   1	   Case	  1	   226	  
2	   Case	  2	   206	  
3	   Case	  3	   193	  
4	   Case	  4	   147	  
Table	  30	  Between-­‐Subjects	  Factors	  for	  the	  772	  completed	  VP	  evaluation	  scores	  (students	  completing	  all	  four	  
cases,	  N=296,	  N=1184	  cases) 
	  
The	  error	  variance	  for	  the	  evaluation	  scores	  was	  equal	  across	  the	  groups	  (Levine’s	  
test	  non	  significant:	  F=1.21,	  df	  1	  87,	  df	  2	  684,	  p=0.103).	  
There	  was	  no	  significant	  difference	  between	  the	  adjusted	  population	  means	  for	  the	  
two	  groups	  for	  either	  branching	  (P=0.89)	  or	  structured	  clinical	  reasoning	  instruction	  
(p=0.26),	  see	  Table	  31.	  There	  was	  no	  interaction	  effect	  seen	  between	  the	  two	  
independent	  variables	  in	  terms	  of	  student	  evaluations	  (P=0.69).	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Complete	  evaluations	  from	  1184	  completed	  VPs,	  (n=296	  students).	  
	  
A.)	  ANCOVA	  for	  main	  effects	  and	  between-­‐subjects	  effects	  for	  evaluation	  (/55)	  
Source	  
Type	  III	  Sum	  of	  
Squares	   df	   Mean	  Square	   F	   Sig.	  
Partial	  
Eta	  
Squared	  
Corrected	  
Model	  
3904.245a	   87	   44.876	   1.777	   .000	   .186	  
Intercept	   740385.031	   1	   740385.031	   29319.814	   .000	   .977	  
SR	   32.751	   1	   32.751	   1.297	   .255	   .002	  
Branching	   .509	   1	   .509	   .020	   .887	   .000	  
UNIVERSITY	   838.870	   2	   419.435	   16.610	   .000	   .047	  
GENDER	   84.291	   1	   84.291	   3.338	   .068	   .005	  
Case	   6.889	   3	   2.296	   .091	   .965	   .000	  
SR	  *	  
Branching	  
4.119	   1	   4.119	   .163	   .686	   .000	  
Total	   1566545.000	   772	   	   	   	   	  
Corrected	  
Total	  
20974.622	   778	  
	   	   	   	  
a.	  R	  Squared	  =	  .186	  (Adjusted	  R	  Squared	  =	  .081)	  
	  
	  
B.)	  Adjusted	  population	  means	  for	  independent	  variables	  
	  
	   	   95%	  Confidence	  Interval	  
Independent	  Variable	   Evaluation	  Score	   Std.	  Error	   Lower	  Bound	   Upper	  Bound	  
Structured	  clinical	  reasoning	  instruction	   	   	   	   	  
Absent	   45.27a	   .340	   44.600	   45.94	  
Present	   45.46a	   .363	   44.746	   46.17	  
Branching	   	   	   	   	  
Absent	   45.34a	   .378	   44.60	   46.08	  
Present	   45.39a	   .324	   44.75	   46.02	  
	   	   	   	   	  
Structured	  reasoning	  *	  Branching	   	  
	  Structured	  reasoning	   Branching	   	   	   	  
Absent	   Absent	   45.32	  a	   0.52	   44.29	   46.35	  
Absent	   Present	   45.17	  a	   0.44	   44.31	   46.02	  
Present	   Absent	   45.31	  a	   0.55	   44.24	   46.38	  
Present	   Present	   45.56	  a	   0.48	   44.61	   46.50	  
	   	   	   	   	   	  
Fixed	  Factors	  (main	  effect	  displayed)	   	   	   	   	  
Gender	   Male	   45.73a	   .40	   44.942	   46.518	  
	   Female	   45.00a	   .29	   44.420	   45.575	  
	   	   	   	   	   	  
Recruiting	  Centre	   WMS	   43.69a	   .32	   43.050	   44.325	  
	   UBMS	   46.99a	   .38	   46.243	   47.742	  
	   KMS	   45.51	  a	   .53	   44.473	   46.544	  
	   	   	   	   	   	  
VP	  case	  number	   1	   45.30	  a	   .438	   44.444	   46.163	  
	   2	   45.40	  a	   .485	   44.453	   46.356	  
	   3	   45.17	  a	   .440	   44.303	   46.030	  
	   4	   45.53	  a	   .679	   44.196	   46.862	  
Table	  31	  ANCOVA	  for	  the	  five	  fixed	  variables	  showing:	  A.)	  Main	  and	  interaction	  effects	  of	  the	  variables	  on	  
evaluation	  scores	  (N=1184	  cases);	  B.)	  	  Adjusted	  population	  means	  (Gender,	  recruitment	  centre,	  structured	  
reasoning,	  branching,	  VP	  case	  number).	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6.2.9. Primary	  analysis:	  Unadjusted	  ANOVA	  of	  the	  four	  case	  designs	  
against	  VP	  performance	  metrics	  
To	  further	  explore	  the	  data	  I	  have	  performed	  an	  analysis	  of	  variance	  for	  the	  four	  
case	  designs	  against	  each	  of	  the	  secondary	  outcome	  measures.	  I	  then	  used	  post-­‐hoc	  
multiple	  comparison	  tests	  (Tukey)	  to	  look	  for	  any	  suggestions	  of	  independent	  or	  
interaction	  effects	  between	  the	  four	  case	  designs	  that	  were	  not	  revealed	  by	  the	  
previous	  analysis.	  The	  results	  are	  presented	  for	  students	  who	  have	  completed	  all	  
four	  cases	  in	  Table	  32.	  There	  were	  significant	  differences	  for	  time	  spent	  on	  the	  case	  
(P=0.019,	  small	  effect	  size),	  and	  diagnoses	  made	  (p<0.01,	  small	  effect	  size),	  using	  the	  
previously	  defined	  effect	  sizes	  (>0.01;	  Medium	  >0.06;	  Large	  >0.14).	  	  
Case	  Design	   N	   Mean	  
Std.	  
Deviation	   Std.	  Error	  
95%	  C.I.	  
Lower	  
95%	  C.I.	  
Upper	  
F	   Significance	   Partial	  Eta	  
Squared	  
Time	  Spent	  (Minutes)	  
	  
	  
1A	   296	   27.02	   11.51	   .67	   25.70	   28.34	   3.324	   .019	   .01	  
1B	   296	   28.06	   13.27	   .77	   26.55	   29.58	   .007)	   	   (small	  effect	  
size)	  
2A	   296	   29.66	   14.36	   .84	   28.01	   31.30	   	   	   	  
2B	   296	   30.16	   15.14	   .88	   28.43	   31.89	   	   	   	  
Total	   1184	   28.73	   13.68	   .40	   27.95	   29.51	   	   	   	  
Diagnosis	   1A	   296	   1.43	   .72	   .04	   1.35	   1.51	   4.393	   .004	   .01	  
1B	   296	   1.43	   .71	   .04	   1.35	   1.51	   	   	   (small	  effect	  
size)	  2A	   296	   1.26	   .78	   .05	   1.17	   1.35	   	   	  
2B	   296	   1.30	   .74	   .04	   1.21	   1.38	   	   	  
Total	   1184	   1.35	   .74	   .02	   1.31	   1.40	   	   	  
KFP	   1A	   296	   4.25	   1.39	   .08	   4.10	   4.41	   1.534	   .204	   N/A	  
1B	   296	   4.48	   1.56	   .09	   4.30	   4.66	   	   	   	  
2A	   296	   4.28	   1.38	   .08	   4.12	   4.43	   	   	   	  
2B	   296	   4.30	   1.39	   .08	   4.14	   4.46	   	   	   	  
Total	   1184	   4.33	   1.43	   .04	   4.25	   4.41	   	   	   	  
Clinical	  Decisions	   1A	   296	   2.83	   .94	   .05	   2.72	   2.94	   2.578	   .052	   N/A	  
1B	   296	   2.69	   .93	   .05	   2.59	   2.80	   	   	   	  
2A	   296	   2.64	   1.05	   .06	   2.52	   2.76	   	   	  
2B	   296	   2.64	   1.00	   .06	   2.52	   2.75	   	   	  
Total	   1184	   2.70	   .98	   .03	   2.64	   2.76	   	   	  
Total	  score	   1A	   296	   8.63	   2.11	   .12	   8.39	   8.87	   2.068	   .103	   N/A	  
1B	   296	   8.73	   2.18	   .13	   8.48	   8.98	   	   	   	  
2A	   296	   8.34	   2.11	   .12	   8.10	   8.58	   	   	   	  
2B	   296	   8.45	   2.05	   .12	   8.21	   8.68	   	   	   	  
Total	   1184	   8.54	   2.12	   .06	   8.42	   8.66	   	   	   	  
Levene	  Statistic:	  	  
Minutes,	  2.150,	  DF1	  3,	  DF2	  1180,	  Sig	  .092;	  Diagnosis	  1.446,	  DF1	  3,	  DF2	  1179	  Sig	  .228;	  KFP	  2.288,	  DF1	  3,	  DF2	  1179,Sig	  .077;	  Clinical	  Decisions	  
3.572,	  DF1	  3,	  DF2	  1179	  Sig	  .014;	  Bayes	  Reasoning	  16.210	  DF1	  3,	  DF2	  1179,	  Sig	  .000;	  Total	  score	  .419,	  DF1	  3,	  DF	  2	  1179,	  Sig	  .740	  
	  
Table	  32	  Results	  from	  ANOVA	  looking	  a	  VP	  case	  design	  against	  performance	  metrics. 
When	  evaluating	  these	  with	  multiple	  comparisons	  the	  differences	  for	  the	  two	  
properties	  that	  were	  highlighted	  as	  significant	  (time	  spent	  and	  diagnoses)	  are	  shown	  
below	  in	  Table	  33.	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Dependent	  Variable	   (I)	  Case	  Design	   (J)	  Case	  Design	  
Mean	  
Difference	  (I-­‐J)	   Std.	  Error	   Sig.	  
95%	  Confidence	  
Interval	  
Lower	  
Bound	  
Upper	  	  
Bound	  
Time	  spent	  (Minutes)	   1A	   1B	   -­‐1.04	   1.12	   0.789	   -­‐3.93	   1.84	  
2A	   -­‐2.64	   1.12	   0.088	   -­‐5.52	   0.25	  
2B	   -­‐3.14*	   1.12	   0.027	   -­‐6.03	   -­‐0.26	  
Diagnosis	   1A	   1B	   0.00	   0.06	   1.000	   -­‐0.16	   0.15	  
2A	   0.17*	   0.06	   0.023	   0.02	   0.33	  
2B	   0.13	   0.06	   0.130	   -­‐0.02	   0.29	  
1B	   1A	   0.00	   0.06	   1.000	   -­‐0.15	   0.16	  
2A	   0.17*	   0.06	   0.022	   0.02	   0.33	  
2B	   0.13	   0.06	   0.124	   -­‐0.02	   0.29	  
The	  mean	  difference	  is	  significant	  at	  the	  0.05	  level	  
+
	  There	  were	  no	  significant	  differences	  between	  design	  typologies	  for	  the	  domains	  not	  presented	  here	  (Diagnosis,	  KFP,	  total	  score)	  
	  
Table	  33	  Post	  Hoc	  multiple	  comparisons	  (Tukey)	  for	  independent	  design	  variables:	  showing	  significant	  
differences	  found	  for	  diagnosis,	  time,	  steps	  and	  Bayes	  reasoning	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6.2.9.1. Primary	  analysis:	  Unadjusted	  ANOVA	  of	  the	  four	  case	  designs	  
against	  VP	  evaluation	  data.	  
When	  evaluating	  the	  case	  evaluations,	  there	  were	  no	  additional	  findings	  from	  the	  
ANOVA	  that	  supported	  any	  significant	  improvement	  in	  any	  of	  the	  evaluation	  metrics	  
across	  the	  design	  typologies	  (all	  p>.13).	  This	  is	  shown	  in	  Table	  34.	  
	  
Case	  Design	  
N	   Mean	  
Std.	  
Deviation	   Std.	  Error	  
95%	  C.I.	  
Lower	  
95%	  C.I.	  
Upper	  
ANOVA	  
	  
F	   Significance	  
Evaluation	  
(authenticity)	  
1A	   196	   8.15	   1.15	   .08	   7.99	   8.31	   1.124	   .339	  
1B	   218	   8.12	   1.29	   .09	   7.95	   8.29	   	   	  
2A	   165	   7.96	   1.34	   .10	   7.76	   8.17	   	   	  
2B	   195	   8.19	   1.21	   .09	   8.03	   8.36	   	   	  
Total	   772	   8.11	   1.25	   .04	   8.03	   8.20	   	   	  
Evaluation	  
(professionalism)	  
1A	   196	   15.95	   2.00	   .14	   15.67	   16.23	   1.060	   .365	  
1B	   218	   15.94	   2.14	   .14	   15.65	   16.22	   	   	  
2A	   165	   16.08	   2.45	   .19	   15.70	   16.46	   	   	  
2B	   195	   16.27	   2.124	   .150	   15.98	   16.57	   	   	  
Total	   772	   16.06	   2.172	   .078	   15.90	   16.21	   	   	  
Evaluation	  (coaching)	   1A	   196	   12.76	   1.666	   .119	   12.53	   13.00	   1.887	   .130	  
1B	   218	   12.57	   1.809	   .122	   12.33	   12.81	   	   	  
2A	   165	   12.35	   1.589	   .124	   12.11	   12.60	   	   	  
2B	   195	   12.49	   1.616	   .114	   12.26	   12.71	   	   	  
Total	   772	   12.55	   1.682	   .060	   12.43	   12.67	   	   	  
Evaluation	  (Learning)	   1A	   196	   8.26	   1.050	   .075	   8.12	   8.41	   .447	   .720	  
1B	   218	   8.21	   1.174	   .079	   8.05	   8.37	   	   	  
2A	   165	   8.17	   1.144	   .089	   7.99	   8.35	   	   	  
2B	   195	   8.29	   1.086	   .077	   8.14	   8.44	   	   	  
Total	   772	   8.24	   1.114	   .040	   8.16	   8.32	   	   	  
Evaluation	  (Total)	   1A	   196	   45.13	   4.785	   .342	   44.46	   45.81	   .752	   .521	  
1B	   218	   44.82	   5.463	   .377	   44.08	   45.57	   	   	  
2A	   165	   44.57	   5.550	   .433	   43.71	   45.42	   	   	  
2B	   195	   45.34	   5.185	   .372	   44.60	   46.07	   	   	  
Total	   772	   44.98	   5.243	   .190	   44.61	   45.35	   	   	  
Levene	  Statistic	  satisfactory	  for	  all	  domains:	  	  Evaluation	  (authenticity)	  .145,	  DF1	  3,	  DF2	   777,Sig	  .933;	  Evaluation	  (professionalism)	  1.765,	  DF1	  3	  DF2	  777,	  Sig	  .152;	  Evaluation	  (coaching)	  .349,	  DF1	  3,	  DF2	  
777,	  Sig	  .790;	  Evaluation	  (Learning)	  .594,	  DF1	  3,	  DF2	  777,	  Sig	  .619,	  Evaluation	  (Total)	  .648,	  DF1	  3,	  DF2	  760,	  Sig	  .584	  
Table	  34	  ANOVA	  by	  case	  design	  for	  students	  who	  completed	  all	  four	  VP	  cases-­‐	  no	  significant	  differences	  seen 
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6.2.10. Secondary	  analysis	  
I	  have	  already	  presented	  the	  lack	  of	  significant	  differences	  in	  the	  secondary	  analysis	  
for	  all	  cases	  completed	  (n=1773	  VPs)	  compared	  to	  students	  completing	  all	  four	  cases	  
(n=1184	  VPs).	  This	  is	  unsurprising	  given	  the	  lack	  of	  a	  significant	  association	  I	  have	  
shown	  between:	  (1)	  scores	  between	  those	  dropping	  out	  of	  the	  study;	  (2)	  evaluation	  
completion	  rates	  by	  score	  in	  VP;	  and	  (3)	  future	  summative	  assessment	  achievement	  
in	  those	  that	  consent	  or	  do	  not	  consent	  to	  participate.	  In	  this	  secondary	  analysis	  I	  
present	  data	  relating	  to	  the	  impact	  of	  the	  institution	  and	  extent	  of	  curricular	  
integration.	  
6.2.10.1. Impact	  of	  the	  institution	  
This	  analysis	  was	  conducted	  due	  to	  some	  of	  the	  findings	  from	  the	  ANCOVA	  
suggesting	  institution	  is	  an	  important	  fixed	  factor	  in	  student	  performance.	  The	  
boxplots	  of	  performance	  by	  institution	  across	  the	  cases	  are	  shown	  in	  Figure	  35.	  	  
	  
	  
Figure	  35	  Box	  plot	  for	  VP	  performance	  in	  the	  four	  cases	  (unadjusted)	  for	  the	  three	  schools	  across	  the	  four	  cases	  
(n=1773)	  
	  
	   	  J	  Bateman	   200	  	  	  	  	  
The	  ANOVA	  with	  post-­‐hoc	  multiple	  comparisons	  by	  institution	  show	  the	  UBMS	  
students	  have	  higher	  results	  for	  score,	  evaluation	  and	  time	  spent	  per	  case	  than	  WMS	  
(P<0.001)	  and	  KMS	  (P<0.001).	  There	  were	  no	  significant	  differences	  between	  WMS	  
and	  KMS	  for	  any	  outcome	  (see	  Table	  35).	  	  
 
 
Table	  35	  ANOVA	  of	  VP	  performance,	  evaluation	  scores,	  and	  time	  spent	  by	  institution. 
 
 
6.2.11. VP	  scores	  and	  other	  metrics	  
I	  have	  analysed	  two	  correlation	  matrices	  for	  VP	  scores.	  The	  first	  compares	  
performance	  from	  students	  who	  completed	  all	  four	  cases	  (296).	  For	  the	  140	  WMS	  
students,	  I	  have	  compared	  their	  performance	  in	  the	  summative	  written	  and	  clinical	  
examinations.	  The	  secondary	  analysis	  compares	  the	  mean	  scores	  for	  the	  572	  
students	  who	  completed	  at	  least	  one	  VP	  case.	  I	  have	  used	  Pearson’s	  Correlation	  ‘R’.	  
The	  effect	  size	  for	  correlation	  coefficient	  is	  determined	  by	  Cohen’s	  criteria	  for	  
Pearson	  Correlation	  (1992):	  small	  effect	  size=0.1-­‐0.23;	  medium	  0.24-­‐0.36;	  large	  
>0.37	  or	  greater.	  
	  
N	   Mean	   Std.	  Deviation	  
95%	  Confidence	  Interval	  for	  Mean	  
F	   Sig.	  Lower	  Bound	   Upper	  Bound	  
Total	  score	   WMS	   544	   8.19	   2.01	   8.02	   8.35	   33.83	   P<0.001	  
UBMS	   464	   9.16	   2.05	   8.97	   9.36	   	   	  
KMS	   176	   8.07	   2.24	   7.73	   8.40	   	   	  
Total	   1184	   8.54	   2.11	   8.42	   8.66	   	   	  
Evaluation	  (Total)	   WMS	   367	   43.79	   5.45	   43.23	   44.35	   21.07	   P<0.001	  
UBMS	   289	   46.39	   4.97	   45.82	   46.97	   	   	  
KMS	   118	   45.07	   4.22	   44.30	   45.84	   	   	  
Total	   774	   44.96	   5.23	   44.59	   45.33	   	   	  
Minutes	   WMS	   544	   27.04	   11.57	   26.08	   28.00	   31.56	   P<0.001	  
UBMS	   464	   32.57	   16.45	   31.03	   34.10	   	   	  
KMS	   176	   24.52	   9.27	   23.14	   25.90	   	   	  
Total	   1184	   28.75	   13.70	   27.97	   29.53	   	   	  
Post	  Hoc	  tests	  (Tukey):	  multiple	  comparisons	  show	  UBMS	  significantly	  (p<0.01)	  higher	  for	  both	  WMS	  and	  KMS	  for	  or	  all	  three	  
metrics;	  no	  significant	  differences	  between	  WMS	  and	  KMS	  (P	  all>0.4)	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6.2.11.1. Correlations	  for	  the	  students	  completing	  all	  four	  VPs	  
The	  summative	  assessment	  scores	  available	  are	  an	  end	  of	  year	  written	  paper	  
(Intermediate	  Professional	  Exam,	  or	  IPE),	  and	  end	  of	  year	  clinical	  examination	  (IPE	  
Clinical),	  and	  an	  end	  of	  block	  musculoskeletal	  written	  (MSK	  written)	  and	  MSK	  three	  
station	  OSCE	  (Objective	  Structured	  Clinical	  Examination).	  The	  correlations	  described	  
below	  are	  shown	  in	  Table	  36.For	  performance	  in	  the	  end	  of	  year	  summative	  written	  
exam,	  the	  three	  strongest	  correlations	  were:	  (1)	  KFP	  scores	  across	  the	  four	  cases	  
(Pearson’s	  R=0.42,	  P<.0005,	  large	  effect	  size);	  (2)	  Total	  VP	  marks	  (R=0.39,	  P<0.0005,	  
large	  effect	  size);	  (3)	  the	  MSK	  two	  station	  OSCE	  (R=0.20,	  P<0.05,	  small-­‐medium	  
effect	  size).	  There	  are	  also	  two	  metrics	  that	  correlate	  significantly	  with	  the	  MSK	  
OSCE	  score:	  the	  total	  VP	  score	  (R=0.20,	  small-­‐medium	  effect	  size,	  P<0.05),	  and	  IPE	  
written	  paper	  (R=0.19,	  small-­‐medium	  effect	  size,	  P<.05).	  No	  measured	  metrics	  
correlated	  with	  the	  end	  of	  block	  summative	  clinical	  examination,	  although	  the	  KFP	  
score	  in	  the	  cases	  approached	  statistical	  significance	  (p=0.053).	  There	  was	  a	  small	  
number	  of	  missing	  summative	  assessment	  scores,	  3/140	  for	  the	  IPE	  examinations,	  
and	  11/140	  for	  the	  MSK	  examinations,	  see	  Table	  36.	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Correlations	  
	   Total	   KFP	   Time	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Steps	   Evaluation	   MSK	  written†	   MSK	  OSCE
†	   IPE	  Written†	   IPE	  Clinical†	  
VP	  Total	  
Pearson	  
Correlation	   1	   .845
**	   .162**	   .071	   .192**	   .014	   .233**	   .377**	   .157	  
Sig.	  (2-­‐
tailed)	   	   .000	   .005	   .226	   .002	   .872	   .009	   .000	   .070	  
N	   296	   296	   296	   296	   268	   126	   126	   134	   134	  
KFP	  
Pearson	  
Correlation	   .845
**	   1	   .161**	   .158**	   .128*	   .114	   .098	   .424**	   .169	  
Sig.	  (2-­‐
tailed)	   .000	   	   .006	   .006	   .036	   .206	   .276	   .000	   .051	  
N	   296	   296	   296	   296	   268	   126	   126	   134	   134	  
TIme	  
Pearson	  
Correlation	   .162
**	   .161**	   1	   .081	   .167**	   .003	   -­‐.038	   -­‐.202*	   .139	  
Sig.	  (2-­‐
tailed)	   .005	   .006	   	   .162	   .006	   .974	   .677	   .020	   .110	  
N	   296	   296	   296	   296	   268	   126	   126	   134	   134	  
Steps	  
Pearson	  
Correlation	   .071	   .158
**	   .081	   1	   .044	   .087	   .072	   .013	   .182*	  
Sig.	  (2-­‐
tailed)	   .226	   .006	   .162	   	   .478	   .330	   .425	   .879	   .035	  
N	   296	   296	   296	   296	   268	   126	   126	   134	   134	  
Evaluations	  
Pearson	  
Correlation	   .192
**	   .128*	   .167**	   .044	   1	   .025	   .131	   .059	   -­‐.014	  
Sig.	  (2-­‐
tailed)	   .002	   .036	   .006	   .478	   	   .785	   .158	   .513	   .873	  
N	   268	   268	   268	   268	   268	   118	   118	   126	   126	  
MSK	  
Written†	  
Pearson	  
Correlation	   .014	   .114	   .003	   .087	   .025	   1	   -­‐.075	   .364
**	   .034	  
Sig.	  (2-­‐
tailed)	   .872	   .206	   .974	   .330	   .785	   	   .401	   .000	   .699	  
N	   126	   126	   125	   126	   118	   129	   129	   129	   129	  
MSK	  OSCE†	  
Pearson	  
Correlation	   .233
**	   .098	   -­‐.038	   .072	   .131	   -­‐.075	   1	   .191*	   .027	  
Sig.	  (2-­‐
tailed)	   .009	   .276	   .677	   .425	   .158	   .401	   	   .031	   .759	  
N	   126	   126	   125	   126	   118	   129	   129	   129	   129	  
IPE	  
Written†	  
Pearson	  
Correlation	   .377
**	   .424**	   -­‐.202*	   .013	   .059	   .364**	   .191*	   1	   .142	  
Sig.	  (2-­‐
tailed)	   .000	   .000	   .020	   .879	   .513	   .000	   .031	   	   .100	  
N	   134	   134	   133	   134	   126	   129	   129	   136	   136	  
IPE	  Clinical†	  
Pearson	  
Correlation	   .157	   .169	   .139	   .182
*	   -­‐.014	   .034	   .027	   .142	   1	  
Sig.	  (2-­‐
tailed)	   .070	   .051	   .110	   .035	   .873	   .699	   .759	   .100	   	  
N	   134	   134	   133	   134	   126	   129	   129	   136	   136	  
†137/140	  WMS	  IPE	  assessment	  results	  were	  unavailable	  (3	  missing,	  2.1%)	  
129	  of	  140	  MSK	  examination	  results	  were	  available	  (11	  missing,	  7.9%)	  	  
Table	  36	  Correlation	  matrix	  for	  WMS	  students	  who	  completed	  all	  four	  VPs	  
	  
By	  dividing	  the	  WMS	  cohort	  who	  completed	  all	  four	  cases	  (N=136)	  into	  four	  quartiles	  
it	  is	  possible	  to	  explore	  their	  performance	  on	  the	  IPE	  written	  end	  of	  year	  paper.	  
Results	  were	  unavailable	  for	  11/140	  students	  for	  the	  MSK	  exam	  and	  3/140	  students	  
for	  the	  written	  and	  clinical	  exams.	  	  
	  
Students	  in	  the	  first	  quartile	  performed	  significantly	  worse	  than	  those	  in	  all	  the	  other	  
quartiles,	  with	  mean	  written	  paper	  marks	  increasing	  across	  the	  four	  quartiles	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(quartile	  1,	  82.5;	  quartile	  2,	  89.5;	  quartile	  3	  90.9;	  quartile	  4,	  93.1).	  This	  is	  shown	  in	  
Table	  37,	  with	  a	  boxplot	  of	  the	  four	  quartiles	  performance	  in	  Figure	  36.	  	  
	  
Quartile	  for	  Mean	  VP	  score	   N	   Mean	  IPE	  written	   Std.	  Deviation	  
95%	  C.I.	  
Minimum	   Maximum	  Lower	  	   Upper	  	  
1	  [0-­‐7.1)	   34	   82.47	   12.016	   78.28	   86.66	   56	   104	  
2	  (7.10-­‐8.37)	   34	   89.52	   10.61	   85.75	   93.28	   61	   107	  
3	  (8.37-­‐9.08)	   34	   90.56	   11.253	   86.63	   94.48	   58	   106	  
4	  (>9.08)	   34	   93.15	   9.504	   89.83	   96.52	   67	   110	  
Total	   136	   88.99	   11.498	   87.03	   90.94	   56	   110	  
ANOVA:	  Equality	  of	  variance	  satisfactory	  (Levene's	  test	  p=0.8).	  Significant	  difference	  between	  groups	  (p<0.001)	  
	  Tukey	  post	  hoc	  test:	  Quartile	  1	  significantly	  lower	  than	  Quartiles	  2	  (p<0.05),	  3	  (p<0.01),	  and	  4	  (p<0.001),	  no	  other	  significant	  differences	  
	  
Table	  37	  Four	  quartiles	  in	  performance	  from	  WMS	  and	  ANOVA	  showing	  significant	  differences	  between	  the	  
quartiles	  
These	  results	  can	  also	  be	  presented	  as	  a	  boxplot	  below.	  
	  
Figure	  36	  Boxplots	  relating	  scores	  across	  all	  four	  VP	  cases	  to	  the	  students	  written	  exam	  results.	  
6.2.11.2. All	  students	  who	  completed	  at	  least	  one	  case	  
In	  Table	  38	  I	  present	  a	  Pearson	  correlation	  of	  all	  the	  572	  students	  taking	  part	  in	  the	  
research,	  presenting	  mean	  performance	  metrics	  for	  every	  student.	  
Mean	  VP	  scores	  from	  over	  200	  WMS	  students	  correlated	  with	  the	  MSK	  OSCE	  
(R=0.15,	  p<0.04),	  the	  IPE	  written	  examination(R=0.34,	  p<0.001),	  and	  also	  the	  IPE	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clinical	  examination	  (r=0.175,	  p<0.01).	  Evaluation	  scores	  correlate	  with	  time	  spent	  
per	  case	  (R=0.15,	  p<0.001,	  small	  effect	  size)	  and	  VP	  score	  (R=0.15,	  p<0.001,	  small	  
effect	  size).	  The	  strongest	  positive	  correlation	  with	  VP	  score	  was	  the	  pre-­‐test	  
diagnostic	  thinking	  inventory	  score.	  	  
	  
There	  was	  one	  item	  that	  correlated	  negatively	  with	  summative	  written	  exam,	  and	  
this	  was	  the	  time	  spent	  per	  case	  (r=-­‐0.21,	  p<0.01,	  small-­‐medium	  effect	  size).	  The	  
time	  spent	  per	  case	  by	  individual	  did	  correlate	  positively	  with	  Bayesian	  reasoning	  
(R=.102),	  VP	  performance	  score	  (R=.124),	  	  and	  student	  evaluation	  (0.153).	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   DTI	   Time	   Steps	   KFP	   Bayes	   VP	  total	  
Mean	  
evaluation	  
MSK	  
OSCE	  
MSK	  
Written	  
IPE	  
written	  
IPE	  
Clinical	  
DTI	  Pre	  
Pearson	  
Correlation	   1	   -­‐.205
*	   .056	   -­‐.019	   -­‐.087	   -­‐.146	   .351**	   .073	   .138	   .027	   .100	  
Sig.	  (2-­‐tailed)	   	   .020	   .531	   .830	   .331	   .102	   .000	   .415	   .122	   .754	   .248	  
N	   134	   127	   127	   127	   127	   127	   134	   128	   128	   134	   134	  
Time	  
Pearson	  
Correlation	  
-­‐.205*	   1	   .120**	   .001	   .102*	   .124**	   .153**	   -­‐.060	   -­‐.074	   -­‐.209**	   .060	  
Sig.	  (2-­‐tailed)	   .020	   	   .004	   .972	   .015	   .003	   .001	   .386	   .288	   .002	   .379	  
N	   129	   572	   572	   572	   572	   572	   470	   210	   210	   215	   215	  
Steps	  
Pearson	  
Correlation	   .056	   .120
**	   1	   .011	   .130**	   .053	   .014	   .016	   -­‐.050	   -­‐.012	   .053	  
Sig.	  (2-­‐tailed)	   .531	   .004	   	   .800	   .002	   .207	   .766	   .818	   .470	   .866	   .441	  
N	   127	   572	   572	   572	   572	   572	   468	   207	   207	   215	   215	  
KFP	  
Pearson	  
Correlation	   -­‐.087	   .102
*	   .130**	   .051	   1	   .850**	   .091*	   .102	   .098	   .334**	   .201**	  
Sig.	  (2-­‐tailed)	   .331	   .015	   .002	   .219	   	   .000	   .050	   .144	   .160	   .000	   .003	  
N	   127	   572	   572	   572	   572	   572	   468	   207	   207	   215	   215	  
Bayes	  
Pearson	  
Correlation	  
-­‐.019	   .001	   .011	   1	   .051	   .135**	   -­‐.029	   .007	   -­‐.009	   -­‐.075	   -­‐.041	  
Sig.	  (2-­‐tailed)	   .830	   .972	   .800	   	   .219	   .001	   .524	   .924	   .896	   .270	   .551	  
N	   127	   572	   572	   572	   572	   572	   468	   207	   207	   215	   215	  
VP	  Total	  
Pearson	  
Correlation	  
-­‐.146	   .124**	   .053	   .135**	   .850**	   1	   .150**	   .154*	   .022	   .344**	   .175*	  
Sig.	  (2-­‐tailed)	   .102	   .003	   .207	   .001	   .000	   	   .001	   .027	   .755	   .000	   .010	  
N	   127	   572	   572	   572	   572	   572	   468	   207	   207	   215	   215	  
EViP	  
Eval.	  
Pearson	  
Correlation	   .351
**	   .153**	   .014	   -­‐.029	   .091*	   .150**	   1	   -­‐.025	   .064	   -­‐.015	   .012	  
Sig.	  (2-­‐tailed)	   .000	   .001	   .766	   .524	   .050	   .001	   	   .744	   .400	   .843	   .866	  
N	   109	   470	   468	   468	   468	   468	   478	   177	   177	   186	   186	  
MSK	  
OSCE	  
Pearson	  
Correlation	   .073	   -­‐.060	   .016	   .007	   .102	   .154
*	   -­‐.025	   1	   .062	   .240**	   .043	  
Sig.	  (2-­‐tailed)	   .415	   .386	   .818	   .924	   .144	   .027	   .744	   	   .364	   .000	   .529	  
N	   128	   210	   207	   207	   207	   207	   177	   218	   218	   218	   218	  
MSK	  
Written	  
Pearson	  
Correlation	  
.138	   -­‐.074	   -­‐.050	   -­‐.009	   .098	   .022	   .064	   .062	   1	   .340**	   .041	  
Sig.	  (2-­‐tailed)	   .122	   .288	   .470	   .896	   .160	   .755	   .400	   .364	   	   .000	   .544	  
N	   128	   210	   207	   207	   207	   207	   177	   218	   218	   218	   218	  
IPE	  
written	  
Pearson	  
Correlation	   .027	  
-­‐
.209**	   -­‐.012	   -­‐.075	   .334
**	   .344**	   -­‐.015	   .240**	   .340**	   1	   .169*	  
Sig.	  (2-­‐tailed)	   .754	   .002	   .866	   .270	   .000	   .000	   .843	   .000	   .000	   	   .010	  
N	   134	   215	   215	   215	   215	   215	   186	   218	   218	   228	   228	  
IPE	  
Clinical	  
Pearson	  
Correlation	   .100	   .060	   .053	   -­‐.041	   .201
**	   .175*	   .012	   .043	   .041	   .169*	   1	  
Sig.	  (2-­‐tailed)	   .248	   .379	   .441	   .551	   .003	   .010	   .866	   .529	   .544	   .010	   	  
N	   134	   215	   215	   215	   215	   215	   186	   218	   218	   228	   228	  
 
Table	  38	  Correlation	  matrix	  showing	  mean	  results	  of	  VP	  metrics	  from	  all	  students	  completing	  at	  least	  one	  case	  
(n=572),	  including	  correlations	  with	  DTI	  and	  assessment	  data	  (WMS	  only) 
 
 
 
6.2.11.3. Diagnostic	  Thinking	  Inventory	  scores	  (DTI)	  
Of	  the	  229	  students	  from	  WMS,	  161	  were	  offered	  the	  DTI	  to	  complete	  pre-­‐	  and	  post-­‐
test	  as	  part	  of	  the	  study.	  From	  this	  161	  invited	  to	  participate,	  150	  consented,	  and	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returned	  134	  completed	  pre-­‐VP	  DTI	  scores	  (89.3%).	  From	  this	  134,	  127	  went	  on	  to	  
complete	  at	  least	  1	  VP	  case.	  In	  total	  85	  complete	  post-­‐VP	  DTI	  forms	  were	  returned	  
(56.7%),	  with	  80	  complete	  paired	  forms	  returned	  (pre-­‐	  and	  post-­‐test	  DTI)	  from	  
eligible	  consenting	  students	  (53.3%,	  80/150).	  Pre-­‐	  and	  post-­‐test	  DTI	  scores	  were	  
strongly	  correlated	  (p<0.0001,	  Pearson’s	  R=0.69,	  large	  effect),	  however	  there	  was	  a	  
non-­‐significant	  small	  improvement	  of	  0.8	  only	  post-­‐test	  (paired	  sample	  t-­‐test,	  
p=0.712,	  mean	  increase	  0.88),	  see	  Table	  39.	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   N=166	  students	  offered	  
DTI	  from	  229	  WMS	  
students	  
Mean	  (SD)	  [95%	  C.I.	  
WMS	  Students	  offered	  DTI	   161	   	  
Offered	  DTI	  and	  Consented	  to	  Study	  	   150/161	  (93.2%)	   	  
Completed	  pre-­‐VP	  DTI	  (%)	   134/150	  (89.3%)	   163.59	  (17.6),	  95%	  CI	  
160.5-­‐166.5	  
Completed	  Post-­‐VP	  DTI	  (%)	   85/150	  (56.7%)	   163.56	  (18.0),	  95%	  CI	  
160.3-­‐166.6	  
Paired	  Sample	  Statistics	  (N=82	  pairs)	   	   	  
DTI	  Pre	   82	  (54.6%)	   163.59	  (17.48)	  
DTI	  Post	  	   82	  (54.6%)	   164.16	  (18.1)	  
Paired	  samples	  correlation:	  Pearson’s	  R=0.695,	  p<0.001	  
	  
	  
 
	  
Paired	  Differences	  Pre-­‐post	  intervention	  
t	   df	  
Sig.	  (2-­‐
tailed)	  Mean	  
Std.	  
Deviation	  
Std.	  Error	  
Mean	  
95%	  Confidence	  Interval	  
of	  the	  Difference	  
Lower	   Upper	  
Paired	  Samples	  Test	  
	  
-­‐.878	   13.8	   1.5	   -­‐3.9	   2.2	   -­‐.575	   81	   .567	  
Table	  39	  Descriptive	  statistics	  for	  DTI	  and	  paired	  sample	  T-­‐test	  showing	  a	  small	  but	  non-­‐significant	  
improvement	  in	  DTI	  scores	  post	  intervention. 
 
I	  have	  already	  described	  that	  DTI	  scores	  did	  not	  correlate	  with	  any	  metrics	  measured	  
within	  the	  cases,	  or	  with	  any	  university	  summative	  assessment	  for	  either	  mean	  case	  
performance	  for	  all	  WMS	  students	  (see	  Table	  38)	  or	  for	  the	  subgroup	  who	  
completed	  all	  four	  cases	  (all	  p>0.1).	  The	  DTI	  did	  correlate	  significantly	  with	  
evaluations	  (R=0.35,	  p<0.001).	  The	  DTI	  did	  not	  correlate	  with	  any	  assessment	  
metrics	  for	  all	  WMS	  who	  participated	  in	  the	  study,	  or	  WMS	  students	  who	  completed	  
all	  four	  cases	  (N=140).	  	  
	  
6.2.11.4. Ratio	  of	  Time	  spent	  per	  step	  
During	  the	  study	  it	  was	  clear	  that	  an	  additional	  metric,	  time	  spent	  per	  step,	  could	  be	  
simply	  calculated	  from	  the	  data.	  Time	  spent	  per	  step	  may	  be	  a	  useful	  reporting	  
metric	  for	  future	  VP	  work.	  In	  this	  study,	  for	  students	  completing	  all	  four	  VPs,	  the	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mean	  time	  per	  step	  was	  0.51	  minutes,	  SD	  0.89,	  n=296.	  This	  metric	  correlated	  very	  
strongly	  with	  the	  time	  taken	  in	  the	  case	  (R=0.97,	  P<0.00001).	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a)	  Box	  Plot	  of	  minutes:steps	  ratio	  in	  students	  who	  
completed	  all	  four	  VPs	  (n=296)	  
	  
a)	  Time	  per	  step:	  n=296	  students	  
	  
c)	  QQ	  plot	  of	  time	  per	  step	  
	  
Table	  40	  Time	  spent	  per	  step:	  (a)	  boxplot,	  (b)	  histogram,	  and	  (c)	  QQ	  plot	  describing	  the	  metric	  in	  this	  research	  
study	  (n=296	  students)	  
	  
	   	  
	   	  J	  Bateman	   210	  	  	  	  	  
6.3. Discussion	  
This	  research	  represents	  an	  original	  contribution	  to	  answering	  how	  VP	  design	  
variables	  influence	  the	  effectiveness	  of	  VPs	  in	  medical	  undergraduates	  in	  the	  UK.	  The	  
strengths	  of	  this	  study	  include	  the	  large	  sample	  size,	  multi-­‐centre	  recruitment,	  
randomisation,	  adoption	  of	  technology	  standards,	  open	  access	  publication,	  purpose	  
built	  research	  cases,	  and	  adoption	  of	  established	  self	  reported	  VP	  evaluation	  tools.	  
The	  analysis	  presents	  evidence	  for	  adopting	  structured	  clinical	  reasoning	  instruction	  
to	  improve	  Bayesian	  reasoning,	  and	  is	  associated	  with	  more	  positive	  student	  
evaluations.	  Branching	  does	  not	  significantly	  influence	  performance	  or	  evaluation	  
metrics.	  This	  research	  thus	  has	  the	  potential	  to	  influence	  the	  authoring,	  adaptation,	  
delivery	  and	  use	  of	  VPs	  as	  both	  teaching	  and	  assessment	  tools.	  The	  only	  
performance	  metric	  to	  meet	  a	  5%	  improvement	  set	  as	  educationally	  important	  in	  
the	  study	  protocol	  (Bateman	  et	  al.,	  2012a)	  was	  Bayes	  reasoning	  (7%	  improvement,	  
P<0.001).	  This	  improvement	  was	  seen	  where	  branching	  was	  present.	  Key	  feature	  
problems,	  diagnoses,	  and	  clinical	  decisions	  did	  not	  meet	  this	  threshold,	  although	  
some	  significant	  differences	  were	  noted.	  This	  suggests	  that	  structured	  clinical	  
reasoning	  instruction	  within	  cases	  can	  significantly	  improve	  student’s	  Bayesian	  
reasoning	  skills,	  and	  supports	  existing	  teaching	  approaches	  (Sedlmeier	  and	  
Gigerenzer,	  2001).	  This	  is	  perhaps	  a	  disappointing	  improvement	  in	  Bayesian	  
reasoning,	  but	  the	  intervention	  was	  not	  accompanied	  with	  any	  other	  supporting	  
information.	  It	  does	  provide	  evidence	  that	  providing	  students	  with	  a	  frequency	  grid	  
only	  (Figure	  19)	  can	  support	  Bayesian	  reasoning.	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6.3.1. Primary	  outcome	  measures	  
The	  primary	  outcome	  measures	  used	  in	  this	  research	  were	  performance	  within	  the	  
cases,	  and	  evaluation	  of	  the	  cases.	  I	  used	  an	  externally	  peer	  reviewed	  study	  protocol	  
(Bateman	  et	  al.,	  2012)	  to	  plan	  the	  research	  and	  define	  important	  educational	  effect	  
sizes	  for	  performance	  (a	  5%	  improvement	  in	  VP	  scores)	  and	  VP	  evaluation	  (a	  10%	  
improvement).	  The	  research	  was	  powered	  to	  detect	  significant	  differences	  with	  80%	  
power	  at	  a	  (two-­‐sided)	  5%	  significance	  level.	  These	  results	  show	  no	  difference	  in	  the	  
adjusted	  population	  mean	  VP	  scores	  (ANCOVA)	  for	  both	  branching	  (absent	  8.55,	  
present	  8.738,	  P=0.39)	  or	  structured	  clinical	  reasoning	  skills	  (absent	  8.64,	  present	  
8.65,	  P=0.439).	  The	  interaction	  effect	  between	  branching	  and	  structured	  clinical	  
reasoning	  instruction	  was	  also	  non	  significant.	  This	  provides	  convincing	  evidence	  
that	  design	  variables	  themselves	  do	  not	  significantly	  alter	  global	  performance	  within	  
the	  VP,	  when	  adjusting	  for	  gender,	  recruitment	  centre,	  and	  case	  number.	  From	  the	  
analyses	  of	  the	  factorial	  combinations,	  there	  was	  no	  significant	  difference	  between	  
the	  four	  combinations,	  with	  the	  highest	  score	  for	  structured	  reasoning	  [present],	  
and	  branching	  [present].	  I	  did	  find	  a	  difference	  in	  the	  unadjusted	  population	  means	  
in	  the	  analysis,	  with	  a	  small	  difference	  in	  performance	  between	  structured	  clinical	  
reasoning	  instruction	  (absent	  vs.	  present),	  however	  this	  difference	  was	  under	  2%,	  
lower	  than	  the	  5%	  I	  set	  as	  an	  important	  effect	  and	  educationally	  relevant.	  	  
In	  terms	  of	  student	  preferences	  I	  used	  the	  student	  preference	  for	  the	  best	  case	  for	  
learning,	  and	  the	  best	  case	  for	  realism,	  alongside	  the	  EViP	  evaluation.	  	  The	  most	  
striking	  finding	  was	  that	  70%	  of	  students	  preferred	  a	  case	  with	  structured	  reasoning	  
instruction	  (SR)	  as	  present	  as	  the	  best	  case	  for	  learning	  (p<0.001).	  This	  was	  not	  at	  the	  
expense	  of	  realism,	  with	  the	  students	  also	  more	  likely	  to	  list	  a	  case	  with	  SR	  present	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as	  being	  more	  realistic	  (non-­‐significant).	  It	  is	  important	  to	  state	  that	  to	  avoid	  biasing	  
students	  by	  asking	  if	  they	  preferred	  branching	  or	  linear	  cases,	  students	  were	  asked	  
to	  nominate	  the	  most	  effective	  case.	  For	  example	  a	  student	  from	  group	  1,	  choosing	  
case	  one,	  would	  count	  as:	  branching,	  absent;	  structured	  clinical	  reasoning	  
instruction,	  absent	  (see	  Figure	  24,	  p.147).	  There	  were	  no	  significant	  differences	  for	  
either	  learning	  or	  realism	  for	  branching	  (present	  or	  absent).	  The	  results	  for	  the	  four	  
case	  designs	  did	  show	  similar	  scores	  for	  the	  EViP	  evaluation,	  with	  no	  significant	  main	  
effect	  or	  interaction	  effects	  from	  the	  adjusted	  analysis	  	  (absent	  45.27	  present	  45.46,	  
P=0.26);	  branching	  (absent	  45.37,	  present	  45.39,	  p=0.89);	  no	  significant	  interaction	  
effect	  (p=0.686).	  The	  adjusted	  (ANOVA)	  and	  unadjusted	  analysis	  for	  the	  EViP	  
evaluation	  scores	  failed	  to	  show	  any	  significant	  differences	  between	  the	  groups	  for	  
global	  or	  subscale	  scores	  (authenticity,	  professionalism,	  coaching,	  and	  learning).	  The	  
strongest	  correlation	  with	  EViP	  evaluation	  scores	  was	  the	  pre-­‐test	  self-­‐reported	  
clinical	  reasoning	  instruction	  as	  measured	  by	  the	  DTI	  (R=0.3,	  medium	  effect	  size).	  
This	  suggests	  that	  students	  who	  rate	  highly	  on	  the	  metric	  find	  the	  cases	  a	  more	  
positive	  learning	  experience.	  	  
	  
In	  the	  ANCOVA	  analysis	  when	  adjusting	  for	  fixed	  factors	  it	  was	  clear	  that	  the	  
recruiting	  centre	  appeared	  to	  significantly	  influence	  performance,	  patterns	  of	  use	  
and	  evaluation.	  UBMS	  students	  scored	  	  >8.5%	  higher	  than	  both	  WMS	  and	  KMS	  
students	  (UBMS,	  9.5/15;	  WMS,	  8.3/15;	  KMS,	  8.2/15;	  see	  Table	  29).	  These	  students	  
also	  spent	  longer	  on	  the	  VPs	  (UBMS	  32.6	  minutes,	  WMS	  27	  minutes,	  KMS	  24	  
minutes),	  and	  evaluated	  the	  cases	  with	  higher	  EViP	  scores	  (UBMS	  47/55,	  KMS	  
45.1/55,	  WMS	  43.1/55).	  I	  believe	  these	  results	  are	  the	  first	  evidence	  in	  the	  literature	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supporting	  the	  impact	  of	  curricular	  integration	  factors	  on	  performance	  within	  VPs,	  
and	  the	  patterns	  of	  use	  when	  interacting	  with	  them.	  At	  the	  UBMS	  site,	  students	  
were	  introduced	  to	  the	  cases	  in	  two	  timetabled	  lecture	  sessions,	  but	  free	  to	  
complete	  the	  VPs	  in	  their	  own	  time,	  at	  their	  own	  pace	  outside	  of	  a	  timetabled	  
session.	  Although	  the	  uptake	  of	  the	  cases	  was	  lower	  at	  the	  UBMS	  site,	  the	  uptake	  
was	  arguably	  surprisingly	  high	  for	  a	  voluntary	  learning	  resource.	  This	  uptake	  in	  itself	  
at	  the	  UBMS	  site	  presents	  evidence	  of	  VP	  case	  completion	  as	  a	  quality	  marker.	  
	  
The	  conclusion	  from	  the	  primary	  analysis	  is	  that	  after	  adjusting	  for	  student	  and	  case	  
specific	  factors,	  the	  differences	  between	  student	  performance	  is	  small.	  When	  
structured	  reasoning	  is	  present,	  students	  are	  more	  likely	  to	  perform	  better	  in	  some	  
question	  items	  (Bayesian	  reasoning),	  and	  prefer	  SR	  for	  learning.	  	  For	  all	  of	  the	  
outcomes	  used,	  the	  institution	  played	  a	  more	  significant	  role	  than	  the	  case	  design.	  
	  
6.3.2. Secondary	  outcome	  measures	  
The	  data	  from	  the	  secondary	  outcome	  measures	  help	  explain	  the	  relationships	  
between	  patterns	  of	  use	  and	  student	  performance	  across	  the	  cases.	  Some	  metrics	  
were	  not	  helpful,	  for	  example	  although	  students	  took	  more	  steps	  in	  the	  cases	  where	  
structured	  clinical	  reasoning	  was	  present	  (p<0.0001),	  this	  was	  partly	  a	  function	  of	  
the	  extra	  steps	  used	  to	  promote	  clinical	  reasoning.	  These	  students	  spent	  an	  extra	  2.4	  
minutes	  per	  case	  (branching	  [absent]	  27.5	  minutes,	  branching	  [present]	  29.9	  
minutes).	  Students	  also	  spent	  longer	  on	  branching	  cases	  (0.8	  minutes,	  P<0.01).	  As	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perhaps	  would	  be	  expected,	  time	  spent	  within	  a	  VP	  did	  correlate	  with	  both	  the	  
score,	  and	  the	  evaluation	  of	  the	  case	  (both	  small	  effect	  sizes).	  	  
	  
The	  time	  spent	  per	  case	  correlated	  negatively	  with	  the	  scores	  in	  the	  summative	  end	  
of	  year	  written	  paper	  (R=	  -­‐0.22;	  small-­‐	  medium	  effect	  p<0.05).	  This	  may	  reflect	  that	  
students	  who	  naturally	  spend	  more	  time	  completing	  clinical	  reasoning	  tasks	  may	  be	  
subject	  to	  increased	  pressure	  in	  a	  timed	  examination	  such	  as	  the	  IPE	  written,	  and	  
score	  lower	  marks.	  	  
	  
The	  descriptive	  statistics	  presented	  in	  this	  research	  will	  hopefully	  improve	  the	  design	  
and	  delivery	  of	  VPs,	  with	  authors	  being	  able	  to	  investigate	  and	  plan	  research	  using	  
these	  data	  as	  a	  benchmark	  for	  performance	  metrics	  and	  patterns	  of	  use.	  	  
	  
6.3.3. Assessment	  
I	  have	  described	  a	  positive	  correlation	  between	  VP	  scores	  and	  performance	  in	  
summative	  university	  written	  (large	  effect	  size,	  p<0.001)	  and	  clinical	  musculoskeletal	  
examination	  (small-­‐medium	  effect,	  p<0.001).	  I	  have	  also	  shown	  that	  the	  quartiles	  for	  
performance	  in	  the	  VP	  lead	  to	  a	  convincing	  differences	  in	  summative	  end	  of	  year	  
written	  papers	  (quartile	  1,	  82.47;	  quartile	  2,	  89.52;	  quartile	  3,	  90.89;	  quartile	  4;	  
93.15).	  This	  practical	  information	  in	  VPs	  designed	  predominantly	  as	  teaching	  cases	  
may	  well	  be	  helpful	  to	  other	  institutions	  planning	  the	  use	  of	  VPs	  as	  assessment	  tools.	  	  
This	  research	  shows	  a	  correlation	  between	  VP	  performance	  and	  summative	  written	  
and	  clinical	  assessment.	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In	  2009,	  Jonathon	  Round	  and	  colleagues	  described	  the	  use	  of	  computer-­‐based	  
scenarios	  in	  the	  USMLE	  (United	  States	  Medical	  Licencing	  Examination)	  stage	  three	  as	  
follows	  (Round	  et	  al.,	  2009):	  	  
	  
“Despite	  being	  a	  major	  component	  of	  two	  high	  stakes	  exams	  worldwide,	  little	  
is	  known	  of	  how	  they	  perform	  in	  practice.	  Further	  evaluation	  is	  needed	  to	  
learn	  more	  about	  this	  new	  examination	  tool.”	  (Round	  et	  al.,	  2009)	  p.761	  
	  
The	  USMLE	  stage	  three	  requires	  students	  to	  work	  through	  a	  series	  of	  questions	  
related	  to	  a	  clinical	  case.	  Research	  in	  the	  USMLE	  stage	  three	  has	  found	  written	  and	  
clinical	  examinations	  also	  correlate	  with	  this	  computer-­‐based	  assessment	  (Andriole	  
et	  al.,	  2005).	  The	  use	  of	  open-­‐access	  MedBiquitous	  compliant	  VPs	  in	  this	  work	  
presents	  VPs	  as	  accessible	  and	  easily	  distributable	  resources	  for	  formative	  and	  
summative	  assessment.	  	  
	  
A	  Best	  Evidence	  in	  Medical	  Education	  (BEME)	  review	  (Issenberg	  et	  al.,	  2005)	  
highlighted	  the	  benefits	  of	  physicians	  receiving	  feedback	  on	  clinical	  performance	  as	  a	  
driver	  for	  development.	  Publishing	  open	  access	  VPs	  with	  performance	  metrics	  from	  
other	  students	  may	  be	  a	  driver	  for	  some	  students	  to	  use	  the	  cases.	  	  
	  
The	  DTI	  is	  important	  as	  it	  is	  as	  one	  of	  the	  only	  validated	  measurements	  of	  clinical	  
reasoning	  skills	  (Bordage	  et	  al.,	  1990).	  One	  surprising	  finding	  is	  the	  lack	  of	  any	  
correlation	  between	  the	  Diagnostic	  Thinking	  Inventory	  and	  any	  marker	  of	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performance	  measured	  by	  (1)	  time	  spent	  in	  the	  case;	  (2)	  key	  feature	  problem	  scores	  
(3)	  Bayesian	  reasoning	  scores;	  (4)	  any	  summative	  written	  assessment	  data;	  (5)	  any	  
summative	  clinical	  assessment	  data.	  Our	  DTI	  results	  163.5	  (SD	  17,	  95%	  C.I.	  160.5-­‐
166.5)	  are	  in	  keeping	  with	  those	  from	  other	  research.	  This	  includes	  other	  UK	  results	  
(Round	  et	  al.,	  1999,	  year	  four	  students,	  DTI	  scores	  of	  160.2	  [95%	  C.I.	  158.1-­‐165.8]);	  
US	  results	  (158.3	  in	  year	  3	  students,	  Bordage	  et	  al.,	  1990);	  European	  results	  (final	  
year	  Belgian	  medical	  students,	  DTI	  168.1,	  Beullens	  et	  al.,	  2006);	  and	  Australian	  
students	  (DTI	  171.1,	  Groves	  et	  al.).	  
	  
Groves	  notes	  that	  the	  DTI	  scores	  correlate	  with	  year	  of	  study,	  but	  do	  not	  predict	  
performance	  within	  a	  cohort	  (Groves	  et	  al.,	  2002).	  Beullens	  et	  al.	  (2006)	  did	  not	  find	  
any	  significant	  correlation	  between	  the	  DTI	  and	  performance	  from	  three	  cohorts.	  
The	  authors	  performed	  a	  post-­‐hoc	  analysis	  but	  noted	  that	  clinical	  experience	  was	  a	  
confounder	  for	  DTI,	  they	  found	  a	  weak	  correlation	  only.	  One	  research	  study	  did	  find	  
a	  weak	  correlation	  between	  the	  DTI	  and	  performance	  in	  undergraduate	  Brazilian	  
medical	  students	  with	  both	  problem	  solving	  and	  summative	  assessment	  (Sobral,	  
1995).	  As	  these	  cases	  are	  trying	  to	  teach	  clinical	  reasoning	  it	  is	  perhaps	  unsurprising	  
that	  students	  who	  scored	  high	  on	  the	  DTI	  also	  evaluated	  the	  cases	  more	  positively.	  
These	  findings	  clearly	  link	  VP	  performance	  with	  summative	  assessment.	  However	  
our	  fifteen-­‐item	  assessment	  aligned	  to	  validated	  clinical	  reasoning	  assessments	  does	  
not	  support	  the	  DTI	  as	  a	  measurement	  of	  clinical	  reasoning	  ability.	  Whilst	  
unequivocally	  the	  DTI	  increases	  with	  training	  grade,	  it	  appears	  that	  training	  grade	  is	  
a	  major	  confounder	  to	  its	  use	  as	  a	  measurement	  of	  clinical	  reasoning	  ability.	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6.3.4. Comparison	  with	  instructional	  design	  research	  in	  VPs	  
Perhaps	  the	  single	  most	  influential	  figure	  in	  VP	  research	  in	  the	  last	  10	  years	  has	  been	  
Professor	  David	  Cook	  (Mayo	  Clinic,	  USA).	  	  Four	  of	  his	  key	  papers	  are	  quality	  
standards	  in	  e-­‐learning	  healthcare	  research	  (Cook,	  2005),	  the	  first	  meta-­‐analysis	  of	  
internet	  based	  learning	  (Cook	  et	  al.,	  2008),	  the	  first	  literature	  review	  and	  proposed	  
research	  directions	  for	  VPs	  (Cook	  and	  Triola,	  2009),	  and	  the	  first	  systematic	  review	  of	  
computerised	  cases	  for	  healthcare	  professionals	  (Cook	  et	  al.,	  2010).	  Cook	  and	  
colleagues	  perhaps	  best	  describe	  the	  limitations	  of	  existing	  VP	  research:	  	  
	  	  
“We	  hope	  that	  future	  researchers	  can	  avoid	  the	  weaknesses	  of	  previous	  
research	  by	  designing	  studies	  that	  minimize	  bias,	  achieve	  appropriate	  power,	  
and	  avoid	  confounding.”	  Cook	  et	  al.,	  2010,	  p.12	  
	  
The	  only	  study	  found	  by	  Cook	  to	  compare	  student	  performance	  was	  a	  study	  of	  three	  
different	  simulation	  cases	  (Friedman	  et	  al.,	  1991)	  which	  is	  discussed	  in	  some	  detail	  in	  
1.2.10	  (Discussion	  of	  literature	  not	  included	  in	  the	  review.,	  p.46).	  Cook	  found	  eleven	  
papers	  which	  compared	  computerised	  case	  designs.	  	  Most	  were	  published	  before	  
1990,	  all	  used	  heterogeneous	  technologies	  (natural	  language	  processing	  in	  four	  
papers),	  many	  of	  which	  are	  obsolete.	  Two	  studies	  used	  audiotapes	  alongside	  a	  
projector	  slideshow	  in	  dental	  trainees	  (Dale	  et	  al.,	  1986,	  Sandoval	  et	  al.,	  1987).	  In	  
general	  the	  literature	  was	  focussed	  on	  the	  adoption	  of	  a	  new	  technology.	  In	  
summary	  there	  is	  very	  little	  research	  in	  this	  field	  examining	  not	  if	  but	  how	  VPs	  
should	  be	  designed	  and	  delivered.	  I	  have	  performed	  the	  same	  literature	  search	  in	  
May	  2013	  as	  the	  original	  review,	  and	  identified	  over	  30	  additional	  research	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publications.	  This	  recent	  work	  continues	  the	  focus	  on	  the	  utility	  of	  VPs	  for	  delivery	  in	  
a	  particular	  clinical	  specialty	  such	  as	  psychiatry	  (Lin	  et	  al.,	  2012),	  surgery	  (Yang	  et	  al.,	  
2013),	  dentistry	  (Cenderberg	  et	  al.,	  2012),	  and	  neurology	  (Johnson	  et	  al.,	  2013).	  
There	  is	  virtually	  no	  research	  pubished	  that	  provides	  detailed	  metrics	  of	  cases	  such	  
as	  performance	  scores	  within	  the	  VPs.	  Perhaps	  the	  most	  significant	  research	  findings	  
in	  VPs	  in	  the	  past	  decade	  have	  been	  in	  the	  area	  of	  VP	  curricular	  integration,	  
discussed	  in	  the	  next	  section.	  	  
	  
6.3.5. Commentary	  on	  curricular	  integration	  
Much	  of	  the	  recent	  literature	  in	  VPs	  has	  focussed	  on	  the	  impact	  of	  different	  
curricular	  integration	  strategies	  (Berman	  et	  al.,	  2009,	  Edelbring	  et	  al.,	  2012)	  on	  
student	  engagement.	  Berman	  et	  al.	  surveyed	  over	  500	  students	  from	  six	  centres,	  and	  
found	  that	  an	  integration	  score	  significantly	  improved	  student	  satisfaction	  and	  
perceived	  knowledge	  gain.	  Edelbring	  et	  al.	  (2012)	  looked	  at	  different	  delivery	  
strategies	  in	  VPs.	  This	  research	  adds	  to	  these	  findings.	  It	  shows	  that	  uptake	  of	  these	  
computer	  based	  cases	  varies	  significantly	  by	  recruiting	  centre	  and	  VP	  delivery	  
strategy	  (p<0.01).	  In	  the	  centre	  with	  the	  closest	  integration,	  WMS,	  the	  VPs	  were	  
most	  widely	  used	  (WMS,	  94.0%;	  KMS,	  83.5%;	  UBMS,	  74.0%).	  Where	  integration	  was	  
at	  its	  lowest,	  the	  students	  who	  volunteered	  to	  choose	  VPs	  as	  an	  additional	  learning	  
tool	  spent	  longer	  on	  the	  cases	  (p<0.001),	  performed	  better	  inside	  the	  cases	  
(p<0.001),	  and	  evaluated	  them	  more	  positively	  (p<0.001).	  This	  finding	  is	  perhaps	  
counterintuitive,	  but	  supports	  self-­‐selection	  as	  a	  more	  important	  determinant	  to	  VP	  
evaluation	  than	  curricular	  integration.	  This	  work	  is	  clearly	  subject	  to	  confounding	  in	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that	  it	  may	  be	  that	  UBMS	  students	  evaluate,	  perform	  better,	  and	  spend	  more	  time	  
on	  cases	  for	  reasons	  other	  than	  curricular	  integration.	  The	  similarities	  between	  WMS	  
and	  KMS,	  which	  both	  involved	  timetabled	  VP	  sessions	  is,	  however,	  striking.	  
	  
Interestingly	  at	  WMS,	  students	  who	  elected	  not	  to	  complete	  all	  the	  four	  cases,	  or	  
those	  that	  completed	  no	  cases	  did	  not	  differ	  significantly	  in	  terms	  of	  performance	  in	  
summative	  assessments.	  Independent	  sample	  t-­‐tests	  failed	  to	  show	  any	  differences	  
between	  comparisons	  of	  the	  following:	  0	  cases	  completed	  vs.	  VP	  completed;	  0-­‐1	  VP	  
vs.	  >1	  VP;	  0-­‐2	  VPs	  vs.	  3	  or	  more	  VPs;	  all	  four	  cases	  vs.	  rest	  of	  students;	  all	  P>0.4.	  This	  
provides	  evidence	  to	  support	  that	  students	  who	  do	  not	  participate	  are	  not	  simply	  
less	  academically	  gifted,	  but	  may	  have	  other	  reasons	  for	  not	  completing	  the	  VPs.	  	  
6.3.6. Commentary	  on	  study	  design	  authoring	  and	  delivery	  	  	  
The	  factorial	  study	  design	  is	  a	  recommended	  method	  for	  research	  into	  educational	  
interventions	  that	  have	  multiple	  design	  variables	  (Norman	  and	  Eva,	  2008),	  although	  
it	  has	  not	  been	  widely	  adopted	  in	  medical	  education	  research.	  Thus	  a	  PubMed	  
search	  for	  ‘medical	  education’	  and	  ‘factorial’	  finds	  only	  two	  papers	  since	  2008	  that	  
have	  adopted	  this	  approach	  in	  physician	  and	  patient	  education	  respectively	  (Zillich	  et	  
al.,	  2008,	  Brooker	  et	  al.,	  2010).	  I	  did	  not	  find	  any	  interaction	  effect	  between	  the	  two	  
design	  variables	  studied.	  This	  is	  unsurprising	  given	  the	  small	  differences	  seen	  
between	  the	  main	  effects	  of	  each	  of	  the	  independent	  variables.	  The	  research	  design	  
has	  doubled	  the	  numbers	  of	  participants	  for	  case	  comparisons,	  for	  example	  in	  
students	  completing	  all	  four	  cases	  (n=296),	  it	  enabled	  comparison	  of	  592	  branched	  
cases	  with	  592	  linear	  cases.	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I	  set	  the	  size	  of	  an	  important	  educational	  effect	  to	  be	  a	  5%	  difference	  in	  clinical	  
reasoning	  scores	  (0.75/15),	  and	  a	  10%	  difference	  in	  student	  EViP	  evaluation	  scores.	  	  
This	  study	  exceeded	  the	  recruitment	  targets	  to	  detect	  these	  changes	  with	  80%	  
power	  at	  the	  (two-­‐sided)	  5%	  level,	  which	  required	  88	  for	  clinical	  reasoning	  and	  112	  
students	  for	  self	  reported	  evaluation	  scores	  (Montgomery	  et	  al.,	  2003).	  The	  uptake	  
of	  the	  study	  at	  the	  three	  centres	  (above	  80%	  actively	  consenting	  to	  participate)	  and	  
acceptable	  questionnaire	  response	  rates	  (65.2%	  from	  1184	  cases)	  compare	  
favourably	  with	  recent	  literature:	  Edelbring	  et	  al.	  (2012)	  reported	  a	  65%	  response	  
rate	  for	  an	  end	  of	  rotation	  evaluation.	  
	  
The	  case	  metrics	  indicate	  that	  the	  case	  content	  is	  appropriate.	  The	  intention	  was	  to	  
author	  30-­‐minute	  VPs,	  on	  average	  students	  spent	  28	  minutes	  per	  case.	  I	  did	  not	  set	  a	  
prescribed	  question	  difficulty	  in	  the	  protocol,	  although	  our	  intention	  was	  to	  write	  
discriminating	  questions	  replicating	  summative	  assessment.	  Our	  students	  scored	  
around	  60%	  on	  these	  cases	  (mean	  mark	  =56.7%).	  Our	  figure	  (57%)	  is	  close	  to	  the	  
most	  commonly	  used	  pass	  mark	  of	  60%	  used	  by	  local	  faculty	  for	  medicine	  clerkships	  
(Kelly	  et	  al.,	  2012),	  and	  is	  appropriately	  lower	  than	  other	  research	  where	  up	  to	  90%	  
of	  students	  made	  the	  correct	  diagnoses	  in	  clinical	  reasoning	  research	  (Windish	  et	  al.,	  
2005).	  	  
	  
One	  interesting	  reference	  point	  is	  the	  branching	  decisions	  (1	  from	  3).	  	  Our	  students	  
scored	  2.6/4	  for	  clinical	  decisions.	  This	  means	  for	  65%	  of	  the	  times	  (2.6/4)	  they	  
would	  be	  choosing	  the	  correct	  pathway,	  and	  therefore	  would	  not	  be	  exposed	  to,	  or	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aware	  of	  the	  other	  branches.	  	  For	  students	  scoring	  4/4	  in	  a	  branched	  case,	  they	  will	  
have	  exactly	  the	  same	  experiences	  as	  a	  student	  scoring	  4/4	  in	  a	  linear	  case,	  i.e.	  they	  
would	  both	  take	  the	  same	  pathways.	  For	  this	  reason,	  both	  for	  this	  study	  and	  for	  
future	  research,	  the	  item	  difficulty	  of	  the	  branching	  questions	  is	  an	  important	  
metric.	  It	  is	  possible	  that	  if	  the	  cases	  were	  more	  difficult,	  or	  the	  students	  were	  more	  
junior,	  the	  branching	  cases	  would	  be	  more	  highly	  evaluated.	  	  
	  
	  
6.3.7. Implications	  for	  wider	  VP	  design	  and	  development	  	  
The	  generalisability	  of	  these	  results	  is	  supported	  by	  the	  large	  sample	  size,	  multi-­‐
centre	  recruitment,	  adoption	  of	  technical	  standards,	  and	  planned	  study	  protocol	  and	  
statistical	  analysis.	  There	  are	  numerous	  factors	  to	  consider	  when	  authoring	  a	  VP	  as	  I	  
have	  shown	  in	  the	  qualitative	  research.	  I	  have	  identified	  that	  when	  you	  resource	  VP	  
development	  appropriately,	  and	  standardise	  the	  questions	  that	  there	  is	  little	  
difference	  seen	  between	  linear	  and	  branching	  cases	  in	  the	  metrics	  I	  have	  chosen.	  
There	  are	  significant	  resource	  implications	  for	  creating	  VPs	  with	  branching	  
structures.	  The	  branching	  cases	  have	  four	  branching	  points	  and	  81	  (34)	  potential	  
routes	  through	  them.	  I	  have	  not	  shown	  significant	  differences	  in	  performance	  or	  
evaluation,	  and	  only	  a	  modest	  increase	  in	  time	  spent.	  Further	  research	  looking	  at	  
item	  difficulty	  and	  subject	  matter	  may	  help	  to	  determine	  if	  branching	  cases	  can	  be	  
more	  effective	  in	  particular	  scenarios,	  such	  as	  emergency	  medicine	  situations	  or	  
advanced	  life	  support.	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The	  use	  of	  structured	  clinical	  reasoning	  instruction	  using	  evidence-­‐based	  principles	  
for	  reasoning	  is	  the	  preferred	  option	  for	  students	  (Wolpaw	  et	  al.,	  2009;	  Sedlmeier	  
and	  Gigerenzer,	  2001).	  Our	  research	  does	  not	  show	  any	  significant	  differences	  
between	  case	  designs	  on	  the	  EViP	  evaluation,	  however	  I	  did	  see	  significant	  
differences	  between	  institutions.	  The	  publication	  of	  open	  access	  VP	  cases	  showing	  
exactly	  how	  the	  decision-­‐making	  was	  conducted	  has	  been	  promoted	  via	  the	  study	  
website	  (www.go.warwick.ac.uk/msk).	  	  
6.3.8. Study	  Limitations	  
This	  study	  has	  a	  number	  of	  limitations.	  Although	  the	  majority	  of	  students	  elected	  to	  
take	  part	  (591/719),	  just	  over	  50%	  completed	  all	  four	  VP	  cases.	  	  
In	  terms	  of	  a	  volunteer	  bias,	  I	  have	  shown	  from	  one	  centre	  that	  students	  who	  did	  not	  
participate	  did	  not	  have	  different	  scores	  in	  summative	  clinical	  or	  written	  
assessments	  (all	  p>0.6).	  This	  suggests	  that	  the	  study	  itself	  was	  not	  simply	  recruiting	  
more	  academically	  gifted	  students,	  at	  least	  in	  the	  WMS	  group.	  In	  terms	  of	  the	  
176/572	  students	  who	  completed	  a	  case,	  but	  not	  all	  four	  cases	  (296/572),	  there	  was	  
no	  difference	  in	  VP	  case	  scores,	  evaluation	  scores,	  or	  examination	  results.	  This	  again	  
is	  evidence	  that	  these	  students	  did	  not	  systematically	  differ	  from	  students	  that	  
remained	  in	  the	  study.	  Nevertheless	  this	  dropout	  could	  represent	  some	  sort	  of	  bias.	  
Equally,	  although	  the	  returned	  evaluations	  from	  our	  own	  VPs	  at	  65%	  equate	  to	  other	  
research	  (Edelbring	  and	  colleagues	  (2012)	  also	  had	  a	  response	  rate	  of	  65%	  in	  a	  
Swedish	  cohort)	  student	  experience	  could	  influence	  questionnaire	  response	  and	  bias	  
the	  findings.	  The	  study	  is	  somewhat	  complicated	  in	  that	  there	  is	  both	  a	  primary	  and	  
secondary	  analysis	  for	  students	  completing	  all	  four	  VP	  cases,	  and	  for	  all	  completed	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cases.	  I	  have	  tried	  to	  present	  the	  design	  and	  participation	  in	  the	  study	  in	  a	  simple	  
manner,	  and	  by	  adopting	  a	  participant	  flow	  diagram	  (Figure	  28).	  	  
	  
This	  research	  uses	  the	  VPs	  as	  a	  stand-­‐alone	  resource	  to	  support	  other	  teaching	  
modalities.	  It	  was	  presented	  as	  replacing	  some	  standard	  faculty	  presentations	  in	  
WMS,	  or	  as	  an	  additional	  resource	  and	  did	  not	  represent	  a	  major	  curricular	  
component	  as	  in	  some	  paediatric	  education	  in	  the	  United	  States	  (Berman	  et	  al.,	  
2009).	  I	  did	  not	  use	  planned	  follow	  up	  seminars	  to	  discuss	  cases,	  which	  has	  been	  
found	  to	  improve	  evaluation	  metrics	  (Edelbring,	  2012).	  In	  the	  qualitative	  work	  in	  
Section	  4	  (“
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Qualitative	  Research.	  Virtual	  Patients:	  what	  works	  and	  why?	  A	  grounded	  theory	  
study”,	  p.84)	  the	  impact	  of	  ‘students	  preconditions’	  and	  institutional	  factors	  (see	  
Figure	  15,	  111)	  	  appeared	  to	  be	  equally	  important	  in	  shaping	  their	  experiences	  with	  
the	  cases.	  The	  study	  of	  VPs	  at	  UBMS,	  in	  a	  block	  where	  they	  were	  an	  optional	  extra	  
resource,	  contrasts	  with	  the	  setting	  in	  WMS,	  where	  the	  cases	  were	  sat	  in	  
consecutive	  teaching	  sessions.	  Whilst	  I	  argue	  these	  two	  settings	  reflect	  a	  ‘real	  world’	  
context	  for	  open	  access	  medical	  resources,	  these	  differences	  both	  potentially	  act	  as	  
confounders.	  	  
	  
In	  terms	  of	  VP	  design	  although	  I	  have	  adopted	  and	  am	  evaluating	  VPs	  developed	  to	  
open	  technical	  standards	  (Medbiquitous,	  2010),	  I	  have	  not	  evaluated	  other	  VP	  
design	  properties	  that	  could	  fit	  within	  this	  standard,	  such	  as	  the	  use	  of	  video	  
(Bearman,	  2003).	  I	  have	  not	  evaluated	  computerised	  case	  designs	  that	  are	  not	  
MedBiquitous	  compatible,	  such	  as	  natural	  language	  processing	  (Friedman	  et	  al.,	  
1990).	  Equally	  other	  bespoke	  computer	  case	  representations	  such	  as	  virtual	  three-­‐
dimensional	  environments	  (Freeman	  et	  al.,	  2001)	  have	  not	  been	  evaluated.	  Our	  
cases	  were	  approximately	  30	  minutes	  long,	  and	  I	  have	  not	  studied	  the	  optimal	  length	  
for	  a	  VP	  case	  as	  an	  aim	  of	  this	  research.	  I	  also	  do	  not	  know	  how	  item	  difficulty	  relates	  
to	  effectiveness	  or	  evaluation	  of	  VPs,	  but	  I	  do	  report	  the	  item	  difficulty	  for	  all	  our	  
assessment	  data,	  and	  it	  is	  in	  keeping	  with	  commonly	  used	  assessment	  pass	  marks	  
(Kelly	  et	  al.,	  2012).	  The	  VPs	  I	  used	  have	  been	  authored	  in	  the	  structured	  
environment	  of	  a	  research	  project;	  it	  is	  possible	  that	  the	  design	  properties	  used	  
would	  have	  different	  implications	  in	  VPs	  authored	  under	  more	  significant	  time	  or	  
financial	  pressures.	  I	  have	  not	  controlled	  for	  factors	  such	  as	  study	  authorship	  time,	  in	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the	  sense	  that	  I	  am	  comparing	  cases	  that	  are	  branched	  and	  linear	  with	  the	  full	  
knowledge	  that	  the	  branching	  cases	  had	  significantly	  more	  time	  resources	  invested	  
in	  them.	  
	  
Although	  in	  this	  thesis	  I	  have	  used	  the	  three	  leading	  research	  databases	  of	  Medline,	  
PubMed	  and	  EMBASE,	  I	  have	  not	  reviewed	  the	  literature	  from	  sources	  not	  indexed	  
here	  such	  as	  published	  theses,	  CINAHL	  (Cumulative	  Index	  of	  Nursing	  and	  Allied	  
Health	  Literature),	  or	  ERIC	  (Education	  Resources	  Information	  Centre),	  or	  conference	  
proceedings.	  It	  is	  probable	  that	  individual	  institutions	  that	  have	  already	  adopted	  VP	  
cases	  may	  have	  large	  databases	  that	  contain	  raw	  decision	  data	  that	  in	  magnitude	  
eclipse	  the	  case	  records	  presented	  in	  this	  study.	  Nevertheless	  even	  within	  the	  
constructs	  of	  standardised	  case	  authoring	  and	  delivery,	  I	  have	  faced	  numerous	  
challenges	  in	  data	  collection	  and	  management.	  This	  study	  has	  logged	  over	  100	  000	  
time-­‐stamped	  individual	  steps	  within	  a	  VP,	  and	  over	  25	  000	  individual	  clinical	  
decisions	  on	  completed	  cases.	  One	  of	  the	  challenges	  in	  this	  thesis	  has	  been	  
managing	  and	  amalgamating	  individual	  VP	  data	  records.	  
	  
The	  case	  topics	  formed	  part	  of	  MSK	  medicine,	  and	  focussed	  on	  general	  medical	  skills	  
including	  history	  taking,	  and	  interpretation	  of	  routine	  investigation	  results.	  Whilst	  
these	  areas	  are	  generalisable	  to	  most	  internal	  medicine	  and	  general	  practice	  
settings,	  it	  is	  possible	  that	  design	  properties	  in	  different	  clinical	  areas	  could	  affect	  
the	  conclusions	  reached	  in	  this	  work.	  Our	  students	  were	  also	  year	  three	  of	  a	  four-­‐
year	  course,	  and	  year	  four	  of	  a	  five-­‐year	  course.	  While	  this	  is	  a	  heterogeneous	  
population	  of	  graduate	  and	  non-­‐graduate	  entry	  students,	  this	  research	  may	  not	  be	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applicable	  to	  postgraduate	  healthcare	  professionals,	  more	  junior	  students,	  or	  
students	  form	  other	  allied	  health	  professions.	  	  
	  
The	  data	  analysis	  of	  student	  experience	  in	  these	  cases	  is	  based	  exclusively	  on	  
quantitative	  measurements	  of	  performance	  and	  evaluation.	  The	  data	  analysis	  on	  
student	  evaluations	  also	  required	  students	  to	  input	  a	  unique	  identifier,	  their	  student	  
number.	  The	  evaluations	  themselves	  were	  not	  anonymous	  and	  this	  could	  potentially	  
bias	  participants	  into	  providing	  better	  feedback.	  The	  student	  number	  was	  required	  
to	  track	  response	  rates	  from	  individual	  students,	  cohorts,	  case	  designs,	  and	  
institutions.	  I	  have	  attempted	  to	  mitigate	  bias	  in	  that	  individual	  case	  scores	  and	  
evaluations	  were	  not	  passed	  back	  to	  any	  faculty	  in	  any	  of	  the	  three	  centres.	  I	  did	  
have	  a	  number	  of	  evaluations	  (91/1229,	  7.4%)	  that	  could	  not	  be	  tracked	  to	  an	  
individual	  student:	  tracking	  was	  done	  by	  matching	  a	  student	  number	  inputted	  by	  a	  
student	  against	  records	  obtained	  from	  each	  institution.	  The	  evaluations	  also	  had	  free	  
text	  comments.	  I	  have	  read	  all	  written	  comments	  submitted	  through	  the	  
questionnaires,	  but	  not	  subjected	  them	  to	  a	  formal	  qualitative	  analysis.	  There	  were	  
however	  no	  inappropriate	  or	  unprofessional	  comments	  made	  by	  any	  students	  
completing	  any	  of	  the	  1229	  evaluation	  forms.	  This	  research	  protocol	  is	  designed	  to	  
evaluate	  only	  the	  quantitative	  results	  from	  the	  EViP	  questionnaire.	  	  I	  did	  collect	  a	  
number	  of	  free	  text	  responses,	  which	  have	  not	  been	  included	  in	  the	  EViP	  evaluation.	  
A	  structured	  qualitative	  analysis	  of	  these	  free	  text	  responses	  could	  be	  used	  to	  
further	  inform	  VP	  design	  principles.	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There	  were	  other	  examples	  of	  missing	  or	  unusable	  records	  data	  throughout	  the	  
study	  that	  reflected	  technical	  or	  logistical	  problems	  with	  the	  research	  design.	  Whilst	  
a	  limitation,	  where	  data	  was	  missing	  it	  was	  generally	  from	  a	  small	  proportion	  of	  
cases.	  In	  all	  cases,	  missing	  data	  was	  never	  above	  10%	  of	  the	  total	  number	  of	  metrics	  
collected.	  There	  was	  missing	  performance	  data	  for	  <2%	  for	  the	  total	  cases	  
completed	  (1773	  complete	  cases).	  In	  addition	  for	  WMS,	  <4%	  of	  end	  of	  year	  written	  
and	  clinical	  assessments,	  and	  <8%	  of	  the	  end	  of	  block	  assessments,	  and	  <10%	  of	  EViP	  
evaluations	  could	  not	  be	  tracked	  to	  an	  individual.	  A	  tangible	  example	  of	  the	  
unpredictability	  of	  external	  factors	  was	  the	  fact	  institutional	  IT	  policies	  can	  impact	  on	  
the	  learner	  experience	  (Bateman	  and	  Millett,	  2009).	  One	  hospital	  trust	  blocked	  
access	  to	  VPs	  from	  certain	  computers	  as	  they	  were	  incorrectly	  identified	  as	  a	  ‘retail	  
estate	  agent’	  by	  automated	  Internet	  security	  software.	  	  	  
	  
This	  study	  design	  here	  evaluates	  student	  performance	  within	  cases,	  and	  their	  
evaluation	  of	  cases.	  I	  have	  not	  assessed	  learning	  in	  a	  pre-­‐	  and	  post-­‐test	  assessment.	  
This	  was	  a	  conscious	  decision	  reflecting	  that	  VPs	  are	  effective	  as	  web	  based	  
educational	  interventions	  (Cook	  et	  al.,	  2010).	  The	  factorial	  study	  design	  was	  
intended	  to	  expose	  all	  students	  to	  the	  four	  potential	  VP	  designs.	  The	  only	  metric	  
recorded	  as	  a	  post	  intervention	  measure	  was	  the	  DTI,	  which	  showed	  a	  non-­‐
significant	  small	  improvement	  over	  8	  weeks	  (mean	  improvement	  =0.57,	  p=0.71).	  The	  
DTI	  in	  this	  cohort	  does	  not	  correlate	  with	  any	  direct	  or	  indirect	  quantitative	  
measurement	  of	  clinical	  reasoning	  during	  this	  study.	  It	  should	  be	  noted	  that	  the	  
original	  DTI	  was	  a	  paper	  assessment	  and	  that	  I	  delivered	  a	  web	  based	  version	  of	  the	  
questionnaire.	  	  I	  had	  anticipated	  a	  poor	  response	  rate	  for	  the	  DTI	  for	  two	  reasons.	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Firstly	  the	  students	  did	  not	  achieve	  any	  obvious	  benefit	  from	  completing	  the	  DTI,	  
and	  secondly,	  as	  a	  20-­‐minute,	  41-­‐item	  questionnaire,	  asking	  students	  to	  complete	  
two	  such	  forms	  voluntarily	  was	  likely	  to	  be	  challenging.	  I	  did	  not	  offer	  the	  DTI	  to	  
students	  from	  WMS	  or	  UBMS,	  as	  I	  felt	  the	  20	  minute	  pre-­‐test	  evaluation	  could	  
potentially	  negatively	  affect	  enrolment	  to	  the	  study.	  For	  similar	  reasons	  at	  WMS,	  
when	  the	  VPs	  were	  being	  introduced	  to	  the	  first	  cohort	  of	  students,	  I	  did	  not	  use	  the	  
DTI	  to	  avoid	  an	  initial	  negative	  reaction	  to	  the	  cases.	  	  In	  total	  collecting	  134	  complete	  
DTI	  reports	  from	  166	  WMS	  students	  (89.3%)	  was	  a	  good	  response,	  with	  paired	  pre-­‐
post	  test	  data	  available	  for	  83	  students	  (55%).	  	  
	  
Problems	  with	  questionnaire	  validation	  could	  equally	  be	  levelled	  at	  the	  EViP	  
questionnaire	  developed	  by	  Huwendiek	  and	  de	  Leng	  (2010),	  which	  to	  my	  knowledge	  
have	  not	  been	  formally	  validated.	  I	  do	  present	  data	  from	  this	  research	  supporting	  
the	  good	  ‘internal	  consistency’	  of	  the	  questionnaire	  	  (see	  footnote	  to	  Table	  18,	  
p.169).	  This	  refers	  to	  the	  extent	  to	  which	  the	  items	  relate	  to	  a	  similar	  construct.	  This	  
does	  not	  constitute	  clear	  validity	  evidence,	  ideally	  I	  would	  have	  a	  range	  of	  VPs	  of	  
different	  lengths,	  case	  structures,	  and	  authors	  to	  compare	  (DeVellis,	  2003,	  Cook	  and	  
Beckman,	  2006).	  Given	  the	  existence	  of	  different	  self-­‐reported	  evaluations	  to	  assess	  
VPs	  in	  the	  recent	  literature,	  (Berman	  et	  al.,	  2009,	  Huwendiek	  and	  de	  Leng,	  2010.,	  
Edelbring	  et	  al.,	  2012)	  a	  work	  to	  validate	  a	  VP	  assessment	  would	  be	  a	  useful	  future	  
research	  project.	  	  
	  
Overall	  the	  study	  protocol	  provided	  some	  flexibility	  to	  allow	  students	  to	  participate	  
and	  complete	  cases	  in	  different	  settings,	  and	  thus	  facilitate	  recruitment	  from	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different	  universities.	  Case	  and	  evaluation	  completion	  rates	  reflect	  this,	  and	  I	  believe	  
the	  transparent	  data	  reporting,	  including	  the	  missing	  data	  at	  the	  various	  stages	  adds	  
to	  the	  strength	  of	  the	  findings.	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6.3.9. Summary	  
The	  key	  findings	  from	  the	  study	  are	  shown	  to	  the	  right	  
in	  Figure	  37.	  In	  particular	  students	  preferred	  
structural	  reasoning	  for	  learning	  when	  choosing	  an	  
individual	  case	  best	  for	  learning	  (see	  Table	  25,	  p.185).	  
I	  have	  also	  shown	  that	  comparisons	  between	  global	  
case	  designs	  do	  not	  make	  a	  significant	  difference	  in	  
overall	  global	  performance	  or	  evaluation	  scores	  (Table	  
29,	  p.192;	  Table	  31	  p.195).	  	  
	  
This	  research	  is	  an	  example	  of	  a	  factorial	  design	  
classically	  used	  for	  drug	  therapy	  research	  to	  compare	  
the	  interaction	  between	  treatments	  (Montgomery	  et	  
al.,	  2003).	  I	  have	  applied	  a	  design	  explicitly	  called	  for	  by	  education	  researchers	  
(Norman	  and	  Eva,	  2008).	  In	  this	  research	  I	  found	  no	  significant	  interaction	  effects	  
between	  the	  design	  variables	  in	  the	  analysis.	  	  
	  
	  VP	  design	  did	  impact	  on	  patterns	  of	  use,	  particularly	  for	  ‘structured	  clinical	  
reasoning	  instruction’	  (Table	  26,	  p.187):	  students	  spent	  more	  time	  on	  these	  cases,	  
taking	  more	  steps.	  In	  this	  student	  population	  VP	  scores	  correlate	  significantly	  with	  
summative	  clinical	  and	  written	  assessments	  (see	  Table	  36,	  p.202).	  To	  this	  extent	  the	  
research	  has	  fulfilled	  the	  original	  stated	  protocol,	  successfully	  recruiting	  the	  desired	  
number	  of	  students	  to	  answer	  the	  original	  research	  question.	  These	  research	  
What	  was	  already	  known	  on	  this	  topic	  
• VPs	  are	  effective	  learning	  tools	  
• There	  are	  numerous	  VP	  design	  typologies	  
• Recent	  technology	  standards	  represent	  a	  
paradigm	  shift	  for	  VP	  delivery	  
What	  this	  research	  adds	  
• Design	  typologies	  produced	  non-­‐significant	  
changes	  to	  VP	  performance	  and	  EViP	  
evaluation	  metrics.	  	  	  
• Students	  preferred	  structured	  clinical	  
reasoning	  instruction	  for	  learning	  
• VPs	  scores	  correlate	  significantly	  with	  
summative	  clinical	  and	  written	  assessments	  
• Curricular	  integration	  strategies	  seem	  to	  
significantly	  influence	  performance,	  use	  
patterns	  and	  evaluation	  of	  VPs	  
• Pre-­‐study	  DTI	  scores	  did	  not	  predict	  	  
performance	  in	  VPs,	  or	  any	  summative	  
assessments.	  	  
• This	  research	  supports	  the	  use	  of	  open	  
access	  VPs	  for	  MSK	  education.	  Further	  
research	  may	  explore	  case	  length,	  difficulty	  
and	  integration.	  
Figure	  37	  Key	  research	  findings	  
	   	  J	  Bateman	   231	  	  	  	  	  
findings	  present	  the	  quantitative	  impact	  of	  different	  VP	  designs.	  The	  cases	  that	  have	  
been	  developed	  are	  available	  on	  open	  access	  basis.	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Section	  7. Conclusions	  and	  proposals	  for	  future	  work	  	  
Both	  the	  qualitative	  and	  quantitative	  research	  findings	  presented	  support	  future	  VP	  
design	  and	  delivery	  of	  virtual	  patients	  in	  undergraduate	  education.	  This	  concluding	  
section	  debates	  the	  originality,	  relevance	  and	  the	  impact	  of	  this	  research	  in	  virtual	  
patients.	  This	  section	  begins	  with	  a	  summary	  of	  the	  individual	  components	  of	  the	  
research,	  and	  moves	  on	  to	  discuss	  the	  practical	  messages	  for	  VP	  authors.	  The	  
findings	  from	  each	  of	  the	  two	  separate	  research	  studies	  are	  then	  contrasted	  against	  
each	  other	  to	  help	  provide	  an	  overview	  of	  the	  research	  and	  provide	  additional	  
validity	  evidence	  for	  the	  quantitative	  model,	  drawing	  the	  two	  separate	  research	  
components	  together.	  This	  section	  closes	  with	  a	  description	  of	  the	  potential	  next	  
steps	  for	  this	  research.	  
	  
7.1. Summary	  of	  research	  findings	  
This	  research	  has	  achieved	  the	  original	  goals	  outlined	  in	  a	  research	  proposal	  to	  the	  
extent	  that	  I	  have	  conducted	  and	  completed	  a	  qualitative	  and	  quantitative	  research	  
project	  investigating	  the	  effectiveness	  of	  VPs.	  The	  qualitative	  research	  (section	  4)	  is	  a	  
single	  centre	  grounded	  theory	  study	  into	  MSK	  education	  using	  virtual	  patients.	  It	  is	  
original	  in	  three	  principle	  ways.	  Firstly,	  it	  is	  the	  first	  grounded	  theory	  study	  into	  
virtual	  patients.	  Secondly,	  it	  is	  also	  the	  first	  research	  study	  investigating	  VP	  designs	  
using	  VPs	  explicitly	  created	  for	  researching	  individual	  design	  properties.	  Thirdly	  the	  
VP	  cases	  were	  submitted	  to	  the	  publisher	  as	  ‘supplementary	  material’	  to	  the	  Open	  
Access	  paper	  (Bateman	  et	  al.,	  2013),	  available	  to	  readers	  to	  download.	  To	  my	  
knowledge	  this	  is	  the	  first	  research	  study	  of	  VPs	  to	  publish	  the	  cases	  as	  Open	  Access	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resources	  in	  this	  way.	  The	  resulting	  model	  (Figure	  15,	  page	  111)	  describes	  how	  
students	  experience	  VPs	  in	  three	  layers.	  The	  inner	  layer	  describes	  the	  influence	  of	  
the	  students	  ‘pre-­‐conditions’	  before	  sitting	  a	  VP.	  The	  middle	  layer	  describes	  encoded	  
and	  constructed	  activity.	  Encoded	  activity	  contains	  what	  can	  be	  authored	  into	  a	  case.	  
Constructed	  activity	  relates	  to	  how,	  when	  and	  where	  an	  institution	  uses	  a	  VP.	  The	  
outer	  layer	  describes	  cognitive	  and	  behavioural	  change.	  This	  model	  provides	  an	  
original	  contribution	  to	  knowledge	  about	  VPs	  for	  both	  authors	  and	  institutions.	  The	  
model	  can	  help	  faculty	  plan	  authoring,	  development,	  repurposing,	  delivery,	  and	  
curricular	  integration	  of	  VPs.	  
	  
Section	  5	  discussed	  the	  authoring	  of	  cases	  and	  the	  development	  of	  a	  study	  protocol	  
(Bateman	  et	  al.,	  2012)	  that	  is	  included	  in	  the	  appendix	  8.	  This	  process	  was	  critical	  to	  
addressing	  the	  challenges	  laid	  out	  by	  Cook	  and	  colleagues	  (2010)	  in	  a	  systematic	  
review	  of	  VP	  cases.	  I	  have	  addressed	  the	  challenges	  in	  defining	  typologies	  of	  VP	  
cases	  (Huwendiek	  et	  al.,	  2009a)	  and	  produced	  a	  standardised	  reporting	  template.	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Finally	  in	  Section	  6	  I	  have	  presented	  the	  methods	  
and	  results	  from	  an	  original	  multi-­‐centre	  randomised	  
research	  study	  investigating	  the	  effectiveness	  of	  two	  
independent	  VP	  designs.	  This	  original	  research	  is	  the	  
first	  study	  of	  its	  type	  using	  the	  technical	  standards	  
that	  define	  VPs.	  It	  is	  one	  of	  the	  largest	  research	  
studies	  ever	  conducted	  into	  computerised	  case	  
design	  in	  the	  health	  professions.	  My	  conclusions,	  
based	  on	  this	  research,	  are	  that	  the	  optimal	  design	  
of	  VPs	  for	  undergraduate	  education	  should	  include	  
structured	  clinical	  reasoning	  instruction,	  but	  that	  
branching	  should	  not	  be	  routinely	  used.	  	  Structured	  
clinical	  reasoning	  instruction	  is	  preferred	  as	  the	  best	  design	  for	  learning	  by	  70%	  of	  
students	  who	  completed	  all	  four	  cases	  (Table	  25,	  p.185)	  and	  did	  not	  influence	  the	  
perceived	  realism	  of	  the	  case.	  I	  conclude	  that	  different	  branching	  pathways	  should	  
not	  be	  used	  routinely	  in	  undergraduate	  education	  because	  despite	  the	  significant	  
resource	  allocation	  to	  author	  such	  cases	  there	  is	  no	  improvement	  in	  performance	  
(Table	  29,	  p.192),	  self-­‐reported	  evaluation	  (Table	  31,	  p.195),	  or	  patterns	  of	  use	  
(Table	  27,	  p.189).	  The	  appeddices	  (p.	  262)	  gives	  a	  representation	  of	  how	  difficult	  the	  
cases	  are	  to	  construct.	  I	  estimate	  the	  total	  case	  authoring	  time	  doubles	  for	  two	  
branches	  and	  trebles	  for	  three	  branches.	  	  
	  
I	  found	  significant	  correlations	  between	  summative	  assessment	  results	  and	  student	  
performance	  within	  the	  case	  at	  one	  centre	  (Table	  36,	  p.202).	  Interestingly	  	  I	  have	  
What	  was	  already	  known	  on	  this	  topic	  
• VPs	  are	  best	  placed	  to	  teach	  clinical	  
reasoning	  skills	  
• We	  do	  not	  know	  how	  they	  should	  best	  be	  
designed	  
What	  this	  research	  adds	  
• The	  model	  described	  how	  VP	  design	  should	  
be	  considered	  in	  as	  part	  of	  one	  component	  
of	  how	  a	  student	  learns	  from	  a	  VP	  
• All	  ‘branching’	  and	  ‘structured	  clinical	  
reasoning	  instruction’	  (SR)	  factorial	  design	  
combinations	  were	  positively	  evaluated	  by	  
students,	  with	  no	  differences	  in	  global	  
performance	  or	  case	  evaluations	  
• SR	  was	  associated	  with	  improvements	  in	  
Bayesian	  reasoning,	  and	  was	  the	  preferred	  
option	  for	  ‘learning’	  when	  asked	  to	  select	  a	  
single	  design	  
• Authors	  should	  consider	  routinely	  adopting	  
SR	  ,	  but	  not	  branching	  
• VPs	  may	  have	  a	  role	  in	  assessment	  and	  
appraisal	  of	  students	  
• Further	  research	  may	  explore:	  VP	  
integration;	  open	  educational	  resources;	  
and	  organisational	  change	  
Figure	  38	  Summary	  of	  research	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found	  no	  correlation	  between	  measured	  performance	  in	  cases	  and	  summative	  
assessments	  with	  self-­‐reported	  measurements	  of	  clinical	  reasoning	  ability	  (Table	  38,	  
p.205).	  	  
	  
These	  VPs	  were	  authored	  using	  a	  structured	  system	  that	  includes	  a	  peer	  review	  
process.	  When	  authoring	  standards,	  editing,	  peer	  review,	  and	  prior	  authoring	  
experience	  are	  factored	  in,	  the	  impact	  of	  these	  design	  principles	  shows	  small	  
differences	  between	  the	  VP	  typologies	  for	  VP	  performance	  scores,	  and	  evaluation.	  I	  
would	  add	  a	  cautionary	  note	  about	  the	  findings	  from	  branching	  cases.	  Their	  use	  in	  
different	  settings,	  case	  topics,	  and	  with	  different	  item	  difficulty,	  and	  their	  use	  in	  
adaptive	  settings,	  may	  all	  positively	  or	  negatively	  influence	  their	  effectiveness.	  The	  
research	  reinforces	  that	  VP	  authors	  should	  consider	  the	  difficulty	  of	  branching	  
nodes,	  in	  that	  if	  the	  item	  difficulty	  is	  low,	  few	  students	  will	  experience	  the	  branching	  
component.	  	  My	  conclusion	  is	  that	  the	  relatively	  large	  difference	  between	  cohorts	  is	  
most	  likely	  to	  reflects	  differences	  relating	  to	  curricular	  integration	  of	  the	  cases	  in	  the	  
three	  centres,	  rather	  than	  differences	  in	  performance.	  This	  would	  be	  a	  subject	  of	  
further	  research.	  I	  have	  also	  described	  how	  VP	  performance	  scores	  predict	  
summative	  assessment	  results	  for	  clinical	  and	  written	  assessments.	  	  Whilst	  all	  of	  this	  
research	  is	  in	  MSK	  medicine,	  a	  sphere	  that	  includes	  rheumatology	  and	  orthopaedics,	  
I	  believe	  these	  results	  are	  likely	  to	  be	  generalisable	  to	  other	  medical	  and	  surgical	  
specialities	  at	  undergraduate	  level.	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7.2. How	  this	  research	  informs	  VP	  authoring	  
The	  components	  from	  these	  two	  original	  research	  studies	  provide	  new	  knowledge	  
about	  the	  authorship	  and	  delivery	  of	  VPs	  that	  may	  be	  relevant	  to	  authors,	  faculty	  
and	  institutions.	  This	  qualitative	  model	  is	  supported	  by	  the	  quantitative	  research	  
presented	  identifying	  differences	  in	  student	  patterns	  of	  use,	  performance	  and	  
evaluation	  between	  centres.	  This	  research	  has	  been	  as	  the	  subject	  of	  an	  editorial	  in	  
the	  journal	  ‘Medical	  Education’	  titled	  “Research	  into	  the	  use	  of	  virtual	  patients	  is	  
moving	  forward	  by	  zooming	  out”	  (Edelbring,	  2013),	  and	  a	  research	  digest	  article	  in	  
the	  journal	  ‘The	  Clinical	  Teacher’	  titled:	  “Virtual	  patient	  design,	  what	  works	  and	  
why”	  (2013).	  The	  adoption	  of	  the	  structured	  reasoning	  processes	  ‘SNAPPS’	  (Wolpaw	  
et	  al.,	  2010)	  alongside	  a	  frequency	  grid	  (Sedlmeier	  and	  Gigerenzer,	  2001)	  is	  practical,	  
and	  appears	  to	  influence	  student	  experiences	  and	  performance.	  	  
	  
To	  some	  extent	  these	  research	  findings	  challenge	  the	  role	  of	  the	  DTI	  as	  a	  
measurement	  of	  clinical	  reasoning	  performance.	  This	  confirms	  the	  findings	  from	  
European	  and	  Australian	  research	  studies	  discussed	  in	  Section	  6.2.11.3	  (p.	  205),	  
however	  other	  research	  conflicts	  with	  these	  conclusions	  (Sobral,	  1995).	  The	  present	  	  
study	  compares	  the	  DTI	  explicitly	  against	  clinical	  reasoning	  scenarios.	  Not	  only	  is	  
there	  no	  correlation	  with	  VP	  case	  scores,	  there	  is	  no	  correlation	  with	  written	  and	  
clinical	  summative	  assessment	  in	  MSK	  or	  in	  general	  medicine.	  I	  also	  present	  some	  of	  
the	  first	  quantitative	  research	  into	  the	  use	  of	  branching	  cases.	  This	  original	  work	  
suggest	  that	  educators	  should	  consider	  carefully	  the	  goals	  and	  resource	  implications	  
of	  authoring	  branching	  cases,	  given	  the	  metrics	  I	  have	  recorded	  in	  these	  structured	  
VPs.	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This	  research	  will	  ideally	  be	  published	  in	  open	  access	  form	  in	  an	  established	  journal	  
to	  help	  disseminate	  the	  research	  findings.	  The	  use	  of	  open	  access	  cases	  by	  different	  
institutions	  is	  likely	  to	  be	  facilitated	  by	  the	  open	  availability	  of	  the	  cases	  on	  the	  
Internet.	  The	  four	  VP	  topics	  are	  available	  at	  www.go.warwick.ac.uk/msk.	  The	  on-­‐
going	  use	  of	  these	  cases	  outside	  of	  the	  research	  environment	  is	  measurable,	  and	  the	  
qualitative	  work	  can	  potentially	  inform	  its	  development.	  I	  present	  a	  series	  of	  
examples	  of	  how	  the	  research	  is	  being	  disseminated	  in	  Error!	  Reference	  source	  not	  
found.	  (p.Error!	  Bookmark	  not	  defined.),	  including	  student	  videos,	  social	  media	  
engagement,	  and	  a	  website.	  	  	  	  
7.3. Lessons	  from	  comparing	  and	  contrasting	  the	  findings	  from	  the	  
qualitative	  and	  quantitative	  research	  
The	  qualitative	  and	  quantitative	  research	  sections	  in	  this	  thesis	  were	  conducted	  on	  
students	  from	  three	  centres:	  WMS,	  UBMS	  and	  KMS.	  This	  subsection	  reflects	  on	  the	  
findings	  from	  these	  two	  separate	  studies,	  comparing	  and	  contrasting	  the	  results	  
from	  the	  model	  produced	  (Figure	  15,	  p.111)	  and	  the	  quantitative	  research.	  To	  recap,	  
the	  qualitative	  model	  describing	  how	  a	  student	  learns	  from	  a	  VP	  (figure	  15,	  p.111)	  
has	  three	  layers.	  The	  inner	  layer	  describes	  individual	  learners	  that	  will	  go	  on	  to	  use	  
the	  VP	  (‘student	  preconditions’).	  The	  middle	  layer	  describes	  the	  VP	  design	  itself	  
(‘encoded	  activity’),	  and	  how	  VPs	  are	  delivered	  to	  students	  (‘constructed	  activity’).	  
The	  outer	  layer	  represents	  cognitive	  and	  behavioural	  change	  in	  students	  after	  
interacting	  with	  a	  VP.	  It	  is	  possible	  to	  apply	  the	  model	  to	  the	  students	  in	  the	  
quantitative	  study,	  by	  exploring	  the	  interaction	  between	  each	  of	  these	  layers	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between	  the	  different	  ‘constructed	  activity’	  at	  Warwick,	  Birmingham	  and	  Keele.	  For	  
example	  student	  preconditions	  can	  be	  informed	  from	  student,	  constructed	  activity	  
from	  the	  institution,	  and	  student-­‐VP	  interaction	  from	  data	  collected	  on	  patterns	  of	  
use,	  performance,	  and	  completion.	  Throughout	  the	  study	  the	  ‘encoded	  activity’,	  or	  
VP	  case	  design,	  was	  controlled	  for	  whereas	  the	  ‘student	  preconditions’	  and	  
‘constructed	  activity’	  changed	  across	  the	  three	  recruiting	  sites	  (see	  Figure	  27,	  p.153).	  
For	  example,	  at	  WMS,	  the	  students	  were	  all	  graduate	  entry	  medical	  students.	  The	  
KMS	  and	  UBMS	  students	  were	  predominantly	  undergraduate	  entry	  students	  with	  
less	  than	  20%	  of	  the	  sampled	  cohort	  graduate	  entry	  at	  both	  sites	  (see	  table	  12,	  p.	  
145;	  table	  15,	  p.	  162).	  At	  WMS	  and	  KMS	  students	  had	  timetabled	  teaching	  sessions,	  
whereas	  at	  UBMS	  the	  students	  completed	  the	  cases	  in	  their	  own	  time.	  This	  allows	  
for	  a	  number	  of	  comparisons	  to	  be	  made.	  
7.3.1. Constructed	  activity	  is	  associated	  with	  predicted	  differences	  in	  VP	  
use	  and	  student	  satisfaction	  
The	  qualitative	  model	  predicts	  that	  as	  the	  ‘constructed	  activity’	  varied	  across	  the	  
sites	  it	  would	  impact	  on	  the	  ‘student-­‐VP	  interaction’.	  The	  qualitative	  research	  
suggested	  these	  changes	  would	  be	  measurable	  (Figure	  13,	  p.105).	  As	  predicted	  by	  
the	  model,	  there	  were	  significant,	  meaningful	  differences	  between	  the	  universities	  
in	  recruitment	  (table	  15,	  p.162),	  performance	  (Figure	  35,	  p.199;	  table	  35,	  p.200),	  and	  
evaluation	  (table	  35,	  p.200).	  The	  controlled	  study	  design	  means	  this	  is	  most	  likely	  
explained	  by	  the	  ‘student	  preconditions’	  and	  ‘constructed	  activity’.	  The	  proportion	  
of	  students	  that	  went	  on	  to	  complete	  all	  four	  cases	  was	  significantly	  different	  across	  
the	  three	  schools,	  ranging	  from	  completion	  rates	  of	  62%	  for	  WMS,	  42%	  for	  UBMS,	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and	  40%	  at	  KMS	  (Table	  15,	  p.162).	  A	  decision	  to	  complete	  further	  VPs	  and	  engage	  
with	  them	  as	  a	  form	  of	  learning	  was	  a	  component	  of	  ‘behavioural	  change’	  that	  I	  
coded	  and	  defined	  as	  “Personal	  ‘Buy	  In’-­‐Extent	  to	  which	  VP	  design	  influences	  current	  
and	  future	  participation	  of	  VP	  cases”	  (Table	  9,	  p.	  109).	  These	  case	  completion	  data	  
support	  that	  completion	  rates	  are	  influenced	  by	  constructed	  activity.	  	  
	  
At	  UBMS,	  students	  also	  returned	  significantly	  higher	  self-­‐reported	  evaluation	  scores	  
for	  VPs,	  spent	  significantly	  longer	  on	  the	  VPs,	  scored	  significantly	  higher	  marks	  on	  
cases	  than	  at	  the	  other	  two	  universities	  (Figure	  35,	  p.199).	  As	  highlighted	  earlier,	  at	  
UBMS	  the	  ‘pedagogic	  use’	  was	  focussed	  on	  the	  cases	  as	  an	  additional	  optional	  
learning	  resource.	  Surprisingly,	  the	  UBMS	  students	  had	  non-­‐inferior	  (slightly	  higher)	  
study	  completion	  rates	  when	  compared	  to	  KMS,	  despite	  not	  having	  a	  dedicated	  
teaching	  session.	  It	  appears	  therefore	  that	  the	  UBMS	  students	  who	  completed	  the	  
cases	  valued	  this	  flexible	  ‘constructed	  activity’	  for	  VPs,	  the	  ability	  to	  personally	  
decide	  when	  and	  where	  to	  learn	  from	  the	  VPs.	  The	  VP	  data	  logs	  support	  this,	  with	  a	  
significant	  proportion	  of	  cases	  at	  UBMS	  being	  completed	  at	  the	  weekend	  	  (19.8%).	  In	  
summary	  the	  constructed	  activity	  appears	  to	  influence	  uptake,	  experience	  and	  
learning	  experiences	  from	  the	  VPs	  as	  predicted	  by	  the	  model.	  	  
7.3.2. Lessons	  looking	  globally	  at	  case	  metrics	  
	  As	  predicted	  by	  the	  model,	  there	  were	  no	  gender	  differences	  for	  VP	  use,	  
engagement	  or	  performance	  (Figure	  29,	  p.	  165).	  Students	  that	  spend	  longer	  on	  the	  
cases	  performed	  better	  in	  them,	  and	  evaluated	  them	  in	  a	  more	  positive	  light	  (both	  
P<0.001,	  see	  table	  38,	  p.205).	  This	  is	  consistent	  with	  the	  model	  that	  described	  that	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‘skipping’	  of	  case	  content	  (Table	  8,	  p.103)	  reflected	  a	  lack	  of	  engagement	  (Figure	  13,	  
p.105),	  and	  would	  inevitably	  predict	  poorer	  performance	  because	  of	  missing	  data	  
and	  lower	  case	  evaluation.	  It	  is	  not	  clear	  if	  the	  ‘mind	  wandering’	  or	  task	  unrelated	  
thoughts	  seen	  in	  these	  VPs	  translate	  to	  mind	  wandering	  that	  can	  be	  harmful	  in	  real	  
clinical	  practice	  (	  Further	  analysis	  of	  individual	  steps	  in	  the	  cases	  could	  help	  support	  
this	  hypothesis	  further.	  	  
7.3.3. The	  model,	  assessment	  metrics,	  and	  limitations	  
The	  qualitative	  research	  did	  not	  identify	  a	  student’s	  academic	  ability	  as	  an	  important	  
factor	  for	  case	  completion	  or	  engagement.	  This	  is	  supported	  by	  the	  quantitative	  
results	  showing	  case	  completion	  rates	  at	  WMS	  were	  not	  influenced	  by	  the	  score	  in	  
the	  VP,	  and	  did	  not	  predict	  future	  performance	  in	  summative	  assessment	  scores	  
(Table	  23,	  p.176).	  This	  includes	  the	  performance	  in	  domain	  specific	  exams	  (MSK	  
written	  assessment,	  MSK	  OSCE),	  and	  in	  general	  written	  and	  clinical	  summative	  
assessments.	  Conversely	  for	  those	  students	  who	  did	  complete	  all	  four	  cases,	  the	  
performance	  in	  the	  VPs	  did	  predict	  written	  and	  clinical	  performance	  (Figure	  36,	  
p.203).	  This	  supports	  two	  conclusions.	  Firstly,	  for	  the	  students	  that	  do	  not	  engage	  
with	  VPs	  the	  explanation	  is	  not	  baseline	  academic	  ability.	  Secondly	  in	  the	  students	  
who	  complete	  a	  sequence	  of	  VPs,	  VP	  performance	  correlates	  with	  predict	  
summative	  clinical	  and	  written	  examinations.	  These	  two	  conclusions	  potentially	  
inform	  future	  research	  directions	  for	  how	  to	  deliver	  and	  support	  VPs	  in	  teaching	  and	  
assessment.	  Unfortunately	  this	  research	  cannot	  provide	  direct	  evidence	  to	  support	  
cognitive	  and	  behavioural	  change	  predicted	  by	  the	  model	  as	  a	  result	  of	  completing	  
the	  cases.	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Despite	  the	  limitations	  and	  potential	  sources	  of	  bias	  that	  I	  have	  outlined	  in	  both	  
qualitative	  (4.5.4,	  p.126)	  and	  quantitative	  research	  (6.3.8,	  p.222),	  I	  have	  
demonstrated	  that	  the	  multi-­‐centre	  findings	  do	  support	  to	  some	  extent	  the	  validity	  
of	  the	  qualitative	  model.	  It	  remains	  to	  be	  seen	  if,	  and	  how	  approaches	  can	  be	  
formulated	  for	  identifying	  lessons	  from	  individuals	  and	  institutions	  to	  support	  the	  
delivery	  of	  VPs.	  	  Undoubtedly	  the	  use	  of	  performance	  metrics	  in	  demonstrated	  in	  
this	  work	  may	  help	  other	  researchers	  plan	  future	  research	  studies.	  
7.4. Next	  steps	  	  
I	  would	  like	  to	  continue	  with	  research	  into	  VPs,	  and	  I	  would	  consider	  that	  there	  are	  a	  
number	  of	  unanswered	  questions	  in	  VP	  research.	  I	  would	  argue	  there	  are	  two	  
important	  further	  questions:	  addressing	  an	  improvement	  in	  patient	  care;	  and	  
addressing	  uptake	  of	  OERs	  (Open	  Educational	  Resources).	  
7.4.1. Question	  1.	  Can	  the	  VPs	  produced	  using	  the	  lessons	  from	  this	  
research	  demonstrate	  tangible	  benefits	  to	  patients?	  
The	  BEME	  Collaboration	  define	  four	  levels	  of	  evidence	  for	  education	  research	  using	  
the	  Kirkpatrick	  Hierarchy	  (1967),	  available	  online	  (BEME	  Collaboration,	  2005).	  The	  
BEME	  evidence	  group	  describe	  the	  hierarchy	  as	  four	  levels	  (see	  Table	  41,	  p.242).	  
	  
“Level	  1	  
Participation	  -­‐	  covers	  learners’	  views	  on	  the	  learning	  experience,	  its	  organization,	  presentation,	  content,	  teaching	  
methods,	  and	  aspects	  of	  the	  instructional	  organization,	  materials,	  quality	  of	  instruction	  
Level	  2a	  	  
Modification	  of	  attitudes/perceptions	  -­‐	  outcomes	  here	  relate	  to	  changes	  in	  the	  reciprocal	  attitudes	  or	  perceptions	  
between	  participant	  groups	  toward	  intervention/simulation	  
Level	  2b	  	  
Modification	  of	  knowledge/skills	  -­‐	  for	  knowledge,	  this	  relates	  to	  the	  acquisition	  of	  concepts,	  procedures	  and	  
principles;	  for	  skills	  this	  relates	  to	  the	  acquisition	  of	  thinking/problem-­‐solving,	  psychomotor	  and	  social	  skills	  
Level	  3	  	  
Behavioural	  change	  -­‐	  documents	  the	  transfer	  of	  learning	  to	  the	  workplace	  or	  willingness	  of	  learners	  to	  apply	  new	  
knowledge	  &	  skills.	  
Level	  4a	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Change	  in	  organizational	  practice	  -­‐	  wider	  changes	  in	  the	  organizational	  delivery	  of	  care,	  attributable	  to	  an	  
educational	  program	  
Level	  4b	  	  
Benefits	  to	  patient	  /	  clients	  -­‐	  any	  improvement	  in	  the	  health	  &	  well	  being	  of	  patients/clients	  as	  a	  direct	  result	  of	  an	  
educational	  program.”	  	  
Reproduced	  from:	  BEME	  Collaboration,	  2005,	  Accessed	  03.04.2012	  
	  
Table	  41	  The	  BEME	  collaboration	  hierarchy	  of	  evidence	  
The	  present	  research	  was	  not	  designed	  to	  address	  the	  higher	  levels	  of	  the	  Kirkpatrick	  
Hierarchy,	  I	  made	  an	  assumption	  using	  the	  evidence	  from	  a	  meta-­‐analysis	  that	  
suggests	  internet-­‐based	  learning	  is	  effective	  (Cook	  et	  al.,	  2008).	  	  A	  logical	  next	  step	  
for	  the	  research	  would	  be	  to	  use	  the	  model,	  and	  quantitative	  research	  evidence	  to	  
explore	  if	  VPs	  designed	  using	  these	  principles	  can	  produce	  Kirkpatrick	  level	  3	  or	  4	  
outcomes.	  Kirkpatrick	  Level	  3	  and	  4	  research	  in	  medical	  education	  is	  rare,	  one	  review	  
found	  research	  investigating	  these	  levels	  occurring	  in	  <10%	  medical	  education	  
research	  articles	  (Dornan	  et	  al.,	  2006),	  before	  any	  quality	  criteria	  were	  applied.	  
Kirkpatrick	  change	  is	  dependent	  on	  the	  research	  having	  appropriate	  quality	  criteria	  
(Yardley	  and	  Dornan,	  2012).	  I	  have	  presented	  an	  example	  study	  protocol	  to	  research	  
this	  in	  Figure	  39.	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Figure	  39	  Example	  preliminary	  study	  protocol	  to	  Kirkpatrick	  levels	  3	  and	  4	  change	  	  
A	  criticism	  of	  this	  research	  study	  would	  be	  the	  logistical	  challenges,	  cost	  and	  risking	  a	  
return	  to	  the	  historical	  error	  of	  researching	  “if”	  e-­‐learning	  works	  (Cook	  et	  al.,	  2008).	  
Nevertheless	  if	  we	  are	  to	  educate	  and	  revalidate	  doctors,	  there	  must	  be	  evidence	  for	  
the	  most	  effective	  learning	  tool,	  and	  it	  is	  possible	  that	  research	  of	  this	  nature	  could	  
persuade	  regulatory	  bodies	  of	  the	  importance	  of	  cases	  both	  in	  MSK	  medicine	  and	  
other	  specialties.	  	  
7.4.2. Question	  2.	  How	  can	  we	  best	  facilitate	  and	  evaluate	  national	  
adoption	  of	  open	  access	  VP	  resources?	  	  
VPs	  are	  effective	  teaching	  clinical	  reasoning	  skills,	  but	  the	  best	  way	  to	  promote	  
widespread	  adoption	  from	  healthcare	  professionals	  is	  not	  clear.	  Research	  into	  
different	  cohorts	  of	  students	  completing	  large	  numbers	  of	  VP	  cases	  may	  well	  provide	  
evidence	  to	  help	  inform	  VP	  design,	  delivery,	  and	  curricular	  development	  in	  different	  
Problem	  statement.	  Inflammatory	  low	  back	  pain	  (ILBP)	  is	  a	  cause	  of	  <5%	  of	  low	  back	  pain	  (LBP),	  a	  
common	  presenting	  feature	  to	  primary	  care.	  ILBP	  is	  frequently	  missed,	  leading	  to	  the	  late	  diagnosis	  of	  
ankylosing	  spondylitis,	  or	  AS	  (Sieper	  and	  Rudwaleit,	  2005).	  	  The	  blood	  test	  HLA	  B27	  can	  help	  stratify	  the	  
risk	  of	  patients	  with	  particular	  symptoms	  of	  AS.	  VPs	  can	  teach	  clinical	  reasoning	  skills,	  but	  Kirkpatrick	  
levels	  3	  and	  4	  evidence	  to	  support	  their	  use	  is	  limited.	  Recent	  VP	  research	  has	  produced	  both	  a	  model	  
for	  designing	  and	  delivering	  VPs,	  and	  case	  authoring	  recommendations.	  
Research	  Question.	  Can	  VPs	  used	  to	  teach	  ILBP	  assessment	  and	  clinical	  reasoning	  using	  blood	  tests	  like	  
HLA	  B27	  improve	  testing,	  referral	  and	  diagnosis	  of	  AS	  in	  a	  regional	  cohort.	  
Hypothesis.	  An	  ILBP	  VP	  could	  improve	  use	  of	  HLA	  B27,	  early	  referral	  and	  diagnosis	  rates	  for	  AS.	  
Research	  Design.	  Randomised	  prospective	  two-­‐group	  experimental	  study	  of	  low	  back	  pain	  assessment	  
by	  General	  Practitioners	  in	  the	  West	  Midlands,	  facilitated	  by	  either	  a	  Virtual	  Patient	  (VP)	  or	  standard	  
education	  resources.	  
Intervention.	  Linear	  Virtual	  patient	  (15	  minutes)	  using	  structured	  clinical	  reasoning	  instruction,	  and	  
Bayesian	  reasoning	  frequency	  grid	  to	  explore	  ILBP.	  	  
Control.	  Standardised	  educational	  leaflet	  containing	  clinical	  information	  in	  the	  VP,	  to	  be	  emailed	  and	  
posted	  to	  practitioners.	  	  
Population.	  General	  practitioners	  in	  the	  local	  Clinical	  Commissioning	  Group	  (CCG).	  
Randomisation.	  Computerised	  randomisation	  of	  all	  participants.	  
Primary	  outcome	  measures.	  (1)	  HLA	  B27	  tests	  requests;	  (2)	  referral	  rates	  to	  rheumatology	  for	  back	  
pain;	  and	  (3)	  new	  AS	  diagnoses.	  
Secondary	  outcome	  measures.	  (1)	  VP	  patterns	  of	  use,	  (2)	  EViP	  VP	  evaluation	  
Sample	  size	  and	  power	  calculation.	  To	  be	  confirmed,	  anticipate	  recruiting	  50	  general	  practitioners	  to	  
the	  study,	  over	  a	  period	  of	  12	  months.	  Formal	  power	  calculation	  to	  be	  performed.	  
Statistics.	  Appropriate	  parametric	  and	  non-­‐parametric	  statistics,	  including	  independent	  samples	  T	  test,	  
Chi	  square.	  A	  statistical	  analysis	  plan	  will	  be	  provided	  in	  the	  protocol.	  
Data	  collection	  and	  quality.	  Led	  centrally	  by	  the	  primary	  investigators.	  
Timetable	  and	  Budget.	  1	  year,	  applications	  for	  funding	  in	  process	  
Protocol.	  To	  be	  completed	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schools.	  The	  evaluation	  tools,	  whist	  not	  perfect,	  have	  delivered	  usable	  measurable	  
data	  for	  three	  centres,	  which	  should	  be	  suitable	  for	  escalating	  to	  a	  national	  level.	  
There	  is	  an	  appetite	  for	  open-­‐access	  publication	  and	  OERs.	  Open	  publication	  is	  now	  
mandated	  by	  the	  UKs	  leading	  charitable	  research	  foundations	  (Hawkes,	  2012),	  OERs	  
are	  supported	  by	  international	  bodies	  (UNESCO,	  2011).	  National	  research	  studies	  are	  
perhaps	  supported	  and	  funded	  by	  an	  independent	  respected	  national	  body	  such	  as	  
Jisc®	  (formerly	  JISC,	  the	  Joint	  Information	  Systems	  Committee)	  or	  a	  large	  research	  
charity,	  such	  as	  Arthritis	  Research	  UK,	  who	  have	  funded	  this	  research.	  	  
	  
Open	  publication	  itself	  is	  challenging.	  Jisc®	  has	  already	  part	  funded	  research	  to	  
provide	  practical	  assistance	  for	  OER	  publishing	  in	  public	  health	  (Hemingway	  et	  al.,	  
2011).	  The	  authors	  produced	  a	  framework	  for	  people	  interested	  in	  creating	  OERs,	  
stating:	  
“We	  hope	  that	  this	  will	  provide	  practical	  assistance	  and	  encouragement	  for	  
the	  academic	  public	  health	  community	  to	  create	  and	  share	  OER.”	  	  
(Hemingway	  et	  al.,	  2011),	  p.42	  
Despite	  receiving	  research	  funding	  from	  a	  publicly	  funded	  body,	  the	  article	  by	  
Hemingway	  et	  al.	  (2011)	  is	  published	  behind	  a	  paywall	  (requires	  a	  paid	  subscription),	  
and	  the	  framework	  proposed	  is	  copyrighted	  to	  the	  publisher,	  not	  the	  authors.	  This	  
contemporary	  example	  highlights	  the	  challenges	  faced	  by	  OER.	  Within	  the	  VP	  
environment,	  although	  there	  are	  open-­‐access	  VP	  development	  tools	  available	  (Begg,	  
2010)	  they	  do	  not	  provide	  the	  functionality	  of	  the	  commercial	  players	  that	  were	  
used	  to	  author	  cases	  during	  this	  study.	  The	  changing	  landscape	  is	  understood	  even	  
more	  clearly	  in	  that	  the	  original	  VP	  player	  used	  for	  this	  research	  was	  the	  software	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‘VpSim’,	  created	  in	  house	  at	  the	  University	  of	  Pittsburgh.	  An	  independent	  subsidiary	  
company	  (DecisionSim	  LLC)	  went	  on	  to	  develop	  further	  iterations	  of	  the	  player.	  It	  
could	  be	  argued	  that	  these	  developments	  represent	  both	  opportunities	  and	  threats	  
to	  OER	  development	  and	  research.	  
	  
The	  evaluation	  of	  VP	  use	  across	  local	  and	  national	  cohorts	  could	  potentially	  act	  as	  a	  
quality	  marker	  for	  education.	  Numerous	  challenges	  face	  MSK	  education	  in	  the	  UK	  
alone	  (Dacre	  and	  Fox,	  2000,	  Adebajo	  et	  al.,	  2005)	  including	  the	  rising	  medical	  
student	  intake	  (Badcock	  et	  al.,	  2006).	  	  
	  
Any	  national	  resource	  would	  require	  hosting,	  either	  at	  a	  single	  webpage,	  or	  via	  
another	  institution	  or	  organisation.	  I	  have	  made	  the	  cases	  available	  on	  University	  
hosted	  web	  pages	  adopting	  a	  “user	  centred	  design”	  (Kinzie	  et	  al.,	  2002).	  They	  are	  
simple	  to	  access	  through	  the	  link	  www.go.warwick.ac.uk/msk.	  This	  local	  hosting	  
provides	  flexibility	  in	  delivery.	  Curated	  peer	  reviewed	  OERs	  are	  available	  from	  
sources	  such	  as	  MedEdPORTAL	  (American	  Association	  of	  Medical	  Collages,	  2012),	  or	  
through	  the	  Jisc®	  (formerly	  JISC)	  website.	  The	  advantages	  of	  making	  resources	  
available	  for	  repositories	  are	  that	  this	  allows	  visibility,	  indexing	  and	  searchability	  for	  
other	  interested	  parties.	  OERs	  may	  be	  particularly	  relevant	  to	  developing	  countries	  
(Brower,	  2010)	  ,	  in	  particular	  for	  e-­‐learning	  (Bhan,	  2005),	  and	  VPs	  (Bediang	  et	  al.,	  
2012).	  In	  terms	  of	  other	  approaches	  to	  publicising	  and	  advertising	  cases	  to	  faculty	  
and	  students,	  social	  media	  is	  a	  logical	  choice	  for	  a	  web	  based	  tool	  (Scott,	  2013).	  The	  
first	  ever	  systematic	  review	  of	  social	  media	  in	  medical	  education	  (Cheston	  et	  al.,	  
2013)	  suggests	  it	  may	  promote	  learner	  engagement,	  feedback,	  and	  collaboration.	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In	  summary,	  these	  two	  research	  studies	  present	  the	  first	  steps	  on	  a	  journey	  of	  
understanding	  to	  how	  best	  design,	  deliver,	  integrate,	  standardise,	  and	  evaluate	  the	  
realistic	  representation	  of	  clinical	  cases	  online:	  virtual	  patients.	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appendix	  4	  Reproduction	  of	  case	  authoring	  node	  sequence	  showing	  linking	  of	  nodes	  in	  a	  branching	  case	  used	  
in	  this	  research.	  
	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Note:	  this	  is	  a	  representation	  from	  the	  computer	  authoring	  process,	  and	  is	  intended	  to	  show	  links	  between	  
nodes	  (shaded	  boxes)	  from	  the	  top	  of	  the	  case	  (start)	  to	  the	  end	  (end).	  The	  connecting	  lines	  represent	  potential	  
routes	  through	  the	  cases	  from	  start	  to	  finish.	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appendix	  5	  Example	  Participant	  Information	  sheet,	  University	  of	  Birmingham,	  main	  quantitative	  study	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Appendix	  6	  Inter-­‐item	  correlation	  matrix	  showing	  Pearson’s	  R	  for	  the	  EViP	  items.	  The	  four	  
subdomains	  are	  shaded,	  Cronbach’s	  alpha	  is	  0.849	  for	  these	  eleven	  items.	  
	  	   Authenticity	   Professionalism	   Coaching	   Learning	  
Q1	   Q2	   Q3	   Q4	   Q5	   Q6	   Q7	   Q8	   Q9	   Q10	   Q11	  
	   Q1	   1	   0.57	   0.517	   0.486	   0.29	   0.492	   0.425	   0.536	   0.461	   0.503	   0.486	  
Q2	   0.57	   1	   0.474	   0.403	   0.388	   0.437	   0.356	   0.45	   0.365	   0.46	   0.45	  
	   Q3	   0.517	   0.474	   1	   0.525	   0.41	   0.51	   0.355	   0.463	   0.387	   0.416	   0.492	  
Q4	   0.486	   0.403	   0.525	   1	   0.398	   0.51	   0.389	   0.49	   0.417	   0.414	   0.555	  
Q5	   0.29	   0.388	   0.41	   0.398	   1	   0.425	   0.203	   0.273	   0.227	   0.336	   0.404	  
Q6	   0.492	   0.437	   0.51	   0.51	   0.425	   1	   0.422	   0.505	   0.43	   0.467	   0.686	  
	   Q7	   0.425	   0.356	   0.355	   0.389	   0.203	   0.422	   1	   0.608	   0.408	   0.474	   0.497	  
Q8	   0.536	   0.45	   0.463	   0.49	   0.273	   0.505	   0.608	   1	   0.566	   0.499	   0.571	  
Q9	   0.461	   0.365	   0.387	   0.417	   0.227	   0.43	   0.408	   0.566	   1	   0.416	   0.498	  
	   Q10	   0.503	   0.46	   0.416	   0.414	   0.336	   0.467	   0.474	   0.499	   0.416	   1	   0.504	  
Q11	   0.486	   0.45	   0.492	   0.555	   0.404	   0.686	   0.497	   0.571	   0.498	   0.504	   1	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Appendix	  7	  Examples	  of	  research	  dissemination	  
	  
a.)
	  
b.)	  
	  
	  
C.)	  	  
	  
d.)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  
e.)	  
	  
	  f.)	  	  
	  
	  
doi:	  10.1111/tct.12099	  	  	  	  	  	  	  	  	  	  	  	  
The	  cases	  area	  available	  from	  go.warwick.ac.uk/msk	  	  	  a.)	  links	  to	  cases	  and	  social	  media	  support;	  b.)	  online	  
supporting	  information;	  c.)	  student	  videos	  d.)	  QR	  code	  (quick	  response	  barcode)	  for	  conference	  presentations	  
e.)	  example	  of	  social	  media	  engagement	  example	  via	  Twitter®	  from	  other	  users;	  f.)	  example	  of	  traditional	  print	  
media	  presenting	  a	  one-­‐page	  research	  digest	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Appendix	  8	  National	  and	  International	  research	  poster	  and	  oral	  presentations	  (O/P).	  
Organised,	  Venue,	  and	  Date	   Type:	  	   Title	  (*	  denotes	  prize	  winner)	  
AMEE	  Conference.	  Prague,	  Czech	  Republic.	  August	  
2013.	  	  
Poster	   Virtual	  Patients:	  ‘This	  way’	  for	  evidence	  based,	  accessible,	  
open-­‐access	  resources	  
Association	  for	  the	  Study	  of	  Medical	  Education	  
(ASME)	  Annual	  Scientific	  Conference,	  Edinburgh,	  
June	  2013.	  
Poster	   Can	  open-­‐access	  virtual	  patients	  be	  integrated	  into	  diverse	  
UK	  medical	  schools?	  Results	  from	  a	  multi-­‐centre	  study.	  
Association	  for	  the	  Study	  of	  Medical	  Education	  
(ASME)	  Annual	  Scientific	  Conference,	  Edinburgh,	  
June	  2013.	  
O/P	   How	  should	  virtual	  patients	  be	  designed	  for	  medical	  
undergraduates?	  A	  multi-­‐centre,	  randomised	  factorial	  study	  
Birmingham	  Education	  Conference,	  University	  of	  
Birmingham,	  May	  2013	  
O/P	   Navigating	  the	  use	  and	  development	  of	  ‘Virtual	  Patients’:	  
lessons	  and	  resources	  
Trainees	  for	  the	  Association	  for	  the	  Study	  of	  Medical	  
Education	  1st	  National	  Conference,	  Warwick,	  UK	  
April	  2013	  
O/P	   Invited	  Speaker:	  15	  mistakes	  made	  in	  medical	  education	  
research.	  
Association	  for	  the	  Study	  of	  Medical	  Education	  
Europe	  (AMEE).	  Annual	  Conference,	  Lyon,	  France,	  
August	  2012	  
O/P	   Researching	  Virtual	  Patients:	  A	  grounded	  theory	  study.	  
Warwick	  Medical	  School	  Annual	  Conference,	  
Warwick,	  July	  2013	  
Poster	   Making	  a	  case-­‐	  Virtual	  Patients*	  
British	  Society	  of	  Rheumatology	  Conference	  Glasgow	  
SECC.	  May	  2012.	  
O/P	  
	  
Designing	  Virtual	  Patients	  for	  Musculoskeletal	  education:	  A	  
grounded	  theory	  qualitative	  study.	  
	  
British	  Society	  of	  Rheumatology	  Conference,	  May	  
2012.	  Glasgow	  SECC.	  
Poster	  
	  
Open	  access	  musculoskeletal	  online	  education-­‐	  virtual	  
patients	  heading	  the	  call	  from	  the	  joints.	  	  
Birmingham	  Education	  Conference.’	  Advancing	  
Quality	  in	  Education’.	  Birmingham	  University.	  April	  
2012.	  
O/P	   Advancing	  the	  quality	  of	  education	  using	  virtual	  patients:	  	  A	  
randomised	  controlled	  multi-­‐centre	  experimental	  study	  
Higher	  Education	  Academy	  Health	  Sciences	  Annual	  
Conference,	  Nottingham.	  	  
May	  2011.	  	  
O/P	   Virtual	  Patients:	  Technology	  enhancing	  learning?	  
Association	  for	  the	  Study	  Of	  Medical	  Education	  
(ASME).	  Brighton,	  June	  2012.	  UK.	  
O/P	   The	  impact	  of	  different	  virtual	  patient	  designs:	  a	  qualitative	  
grounded	  theory	  focus	  group	  study.	  	  
Association	  for	  the	  Study	  Of	  Medical	  Education	  
(ASME).	  Brighton,	  June	  2012.	  UK.	  	  
O/P	   Designing	  virtual	  patients	  to	  teach	  clinical	  reasoning:	  a	  
randomised	  controlled	  multi-­‐centre	  factorial	  study.	  
Association	  for	  the	  Study	  Of	  Medical	  Education	  
(ASME).	  Brighton,	  June	  2012.	  UK	  
O/P	   The	  impact	  of	  different	  virtual	  patient	  designs:	  a	  qualitative	  
grounded	  theory	  focus	  group	  study.	  
Warwick	  Annual	  Research	  Conference.	  2012	   Poster	   A	  Year	  of	  Research	  
2nd	  International	  Digital	  Health	  Conference,	  
Warwick,	  September	  2011.	  	  
Poster	   Virtual	  Patients:	  Researching	  evidence	  based	  designs	  to	  
improve	  healthcare	  education	  and	  patient	  management*	  
AMEE	  Conference.	  Vienna,	  Austria.	  August	  2011.	  	  
	  
	  
Poster	   Using	  ‘virtual	  patients’	  to	  teach	  medical	  undergraduate	  and	  
postgraduate	  students:	  a	  qualitative	  study	  of	  different	  design	  
properties	  
Arthritis	  Research	  UK	  Musculoskeletal	  Educators	  
Conference,	  Brighton,	  2011	  
O/P	   Virtual	  Patients,	  the	  story	  so	  far.	  
Arthritis	  Research	  UK	  Annual	  Fellows	  Meeting.	  
March	  2011	  
Poster	   Virtual	  Patients.	  Where	  are	  we	  now?	  
*Denotes	  poster	  prize	  winner	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Appendix	  9	  Publications	  from	  this	  research	  
	  	  
I	  have	  included	  the	  full	  text	  of	  four	  papers	  published	  in	  this	  appendix.	  
Appendix	  8	  a.)	  	  
Bateman,	  J.,	  Allen,	  M.,	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  Davies,	  D.	  2013.	  Virtual	  patient	  design:	  Exploring	  what	  
works	  and	  why.	  A	  grounded	  theory	  study.	  Medical	  Education,	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  595-­‐606.	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  2012c.	  Virtual	  patients	  design	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  effect	  
on	  clinical	  reasoning	  and	  student	  experience:	  A	  protocol	  for	  a	  randomised	  factorial	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  study.	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  Medical	  Education,	  12,	  62.	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Bateman,	  J.	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  Davies,	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  2011.	  Virtual	  patients:	  Are	  we	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  Academic	  Medicine	  :	  Journal	  of	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  Association	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  American	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  86,	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  author	  reply	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Other	  papers	  published	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  this	  research	  project.	  
Bateman,	  J.,	  Allen,	  M.	  E.,	  Kidd,	  J.,	  Parsons,	  N.	  &	  Davies,	  D.	  2013.	  Virtual	  patients	  for	  rheumatology	  
education:	  Preliminrary	  results	  from	  a	  multi-­‐centre	  study.	  .	  Rheumatology,	  52,	  i112.	  
Bateman,	  J.,	  Allen,	  M.	  &	  Davies,	  D.	  2012.	  Open	  access	  muscluoskeletal	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  Virtual	  
patients	  are	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  way.	  Rheumatology,	  52,	  iii157.	  
Bateman,	  J.,	  Allen,	  M.,	  Samani,	  D.	  &	  Davies,	  D.	  2012b.	  Researching	  ‘virtual	  patients’:	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  grounded	  
theory	  study.	  Rheumatology,	  52,	  i44-­‐45	  	  
Bateman,	  J.,	  Hariman,	  C.	  &	  Nassrally,	  M.	  2012.	  Virtual	  patients	  can	  be	  used	  to	  teach	  clinical	  reasoning.	  
The	  clinical	  teacher,	  9,	  133-­‐4.	  
Bateman,	  J.,	  Francis,	  R.	  &	  Thistlethwaite,	  J.	  2011.	  Medical	  student	  burnout	  and	  professionalism.	  JAMA	  
:	  the	  journal	  of	  the	  American	  Medical	  Association,	  305,	  37-­‐8;	  author	  reply	  38.	  
Bateman,	  J.	  &	  Gull,	  D.	  2011.	  Structural	  variations	  in	  attention-­‐deficit	  hyperactivity	  disorder.	  Lancet,	  
377,	  378-­‐9.	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